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EXTRACT 



PREFACE TO THE FIRST EDITION 



TuE compiler of the following pages deems no apolc^ 
necessary for offering to the public another work on 
Natural Philosophy. Of the several works on this subject 
now before the public, and with the same general design 
as the present, each one, no doubt, possesses its own 
peculiar excellencies, and is adapted, more or less, to aid 
in advancing the great cause of education ; but in the 
multitude of seminaries of learning, of different grades, in 
our country, considerable variety in the text-books used 
is absolutely necessary. Without claiming for the pres- 
ent work, therefore, superiority in every respect over 
others that have appeared before it, it is believed that an 
appropriate place will be found for it, as an assistant in 
promoting the cause of general education. 

As the work professes to be only a compilation, little 
or nothing that is new or original is, of course, to be ex- 
pected in it ; but, while the compiler has freely used the 
works of others, he has generally given his own illustra- 
tions, seldom adopting their language, and never, except 
when it happened to accord perfectly with his own modes 
of thought and expression. This has been done, not 
from a desire of being unlike others, but with the hope 
of being able thus to condense more within the limits of 
the work, and to preserve a greater uniformity of style. 
During the preparation of the work, the peculiar wants 
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of those for whom it is specially designed have been con- 
stantly kept in mind ; and the writer is not without hope, 
from his long experience in teaching, that it may not be 
found altogether unsuited for the use of those to whom it 
is more especially offered. At the same time it is believed 
that it will be found adapted to the wants of such general 
readers as are seeking solid instruction, rather than mo- 
mentary gratification. 

In the author's work on Chemistry, the subjects of 
Heat, Galvanism, and Electro-Magnetism are treated of 
at length ; and it was, therefore, considered entirely un- 
necessary to introduce them into the );>resent, which is 
designed to accompany t))e former, the two together 
forming a connected treatise. It may, indeed, be ob- 
jected that these topics belcHig rather to Natural Philoso- 
phy than to Chemistry ; but they are, in fact, so inti- 
mately related to both of these branches, that, to the 
student, it matters little with which they are more partic- 
ularly associated, while the public lecturer, because of 
the constant use of acids required in performing the ex- 
periments in Galvanism and Electro-Magnetism, will find 
it much the most convenient to discuss these subjects, at 
least, in connection with his course of lectures on Chem- 
istry. And if we were compelled to draw a line between 
these two branches of science, so as to make each as in- 
dependent of the other as possible, we should be obliged 
to make . the same division ; since a course of study in 
^Natural Philosophy will be quite complete, as fSur as it 
goes, without including the doctrines pf Heat or Galvan- 
ism, both of which, however, lie at the very foundation 
of a Chemical course, and can not be dispensed with in 
the most elementary treatise on the subject. It is be- 
lieved, therefore, that the division adopted is not only 
theoretically correct, but that it will be found, in prac- 
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tice, more conyenient than any other to the teacher, and 
xnore advantageous to the student. 

In the articles on Electricity and Magnetism, and per- 
haps in a few other instances, persons making use of 
both works will observe a little repetition, but not so 
much as to occasion any inconvenience. 

The following is a list of the works chiefly made use 
of in compiling the present volume, viz.: — ^Elements of 
Natural Philosophy, by Dr. Golding Bird ; the Treatises 
on Mechanics, Hydrostatics, Pneumatics, Optics, Optical 
Instruments, Polarization of Light, Electricity and Mag- 
netism, in the Library of Useful Knowledge ; the Trea- 
tises on Mechanics, Hydrostatics, Pneumatics, Sound, 
&c., in the Encyclopedia Metropolitana ; Cours de Phy- 
sique de I'Ecole Polytechnique, par 6. Lame ; a Trea- 
tise on Hydrostatics and Pneumatics, by Dr. Lardner ; 
a Treatise on Optics, by Sir David Brewster ; a Treatise 
on Mechanics, by Capt. Henry Kater and Dr. Lardner; 
The Philosophy of Sound and Musical Composition, by 
W. Midlinger Higgins ; a Manual of Electricity, Mag- 
netism and Meteorology, by Lardner and Walker ; Ex- 
perimental Researches ii^ Electricity, by Sir M. Fara- 
day ; and Scientific Dialogues, by Rev. J. Joyce. Be- 
iddes these, occasional reference has been made to a 
^W other works, as the Encydopedias, Scientific Jour- 
nals> 6^. 



PREFACE 



TO 



REVISED EDITION. 



The present edition has been carefully revised 
and much of it re-written, in the hope — ^well as 
the former editions have been received — of adapt- 
ing it still better to supply the wants of those for 
whom it is designed. It is printed, too, in large 
and clear type, and many new illustrations have 
been added ; and whatever has occurred within 
the last few years that is useful and important has 
been incorporated in it. 

By the above extract, it will be seen, that this, 
with the Author's larger work on Chemistry, is de- 
signed to constitute a continuous course of these 
two important branches of science; and reasons 
are given for the particular division between 
them which has been made. Since that was 
vmtten'the Author has been induced to publish a 
smaller work on Chemistry, chiefly an abridge- 
nient of the former, but discussing the same gene- 
ral topics ; with which, also, the present work 
will be found to form a connected treatise In 
confident expectation that it wiU be found a use- 
ful aid in the cause of popular education, it is 
committed to a discerning pubhc. 

MiDDLETowN, Gt., MaTch 13, 1851. 

' (TUl) 
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NATURAL PHILOSOPHY. 



CHAPTER I. 

MECHANICS. 

MATTBE AND ITB rEOPXETXKB. 

1. First Principles. — ^Matter is the general name for 
every thing or substance that has length, breadth, and 
thicKness, and which is capable of affecting the senses. 

2. It is the object of Natural Philosophy to make us 
acquainted with the various qualities or properties of 
matter, and the manner in which different masses of it 
affect each other. 

3. There are certain general properties which are 
common to all kinds of matter, as magnitude, figure or 
form, impenetrability, inertness, divisibility, attraction, 
&c. But before proceeding to the discussion of these, 
several mathematical terms, that will sometimes occur, 
must be explained. 

4. A point is supposed to be without length, breadth, 
oc thickness ; a mere division between two Imes. 

A line is mere length without breadth or thickness ; it 
IS indeed a mere division between two surfaces, as two 
pieces of paper, the edges of which we may suppose in 
contact. 

A surface is supposed to have length and breadth with- 
out thickness, and may be considered as dividing two 
solids wich are in contact. 

A plane is a surface on which, if a straight line be 
placed, it will touch at every point. 

A solid is a body having length, breadth, and thickness. 

QuBSTioir 1. WKU ii matter 1 2. What Is the object of Natural Phlloaophyt B. 
Wbat are aome of the general properties of matter ? 4. What is a point 1 A line 7 A 
tmfaceJ AaoUtil Ananglet krighi anglel An acute angle 7 An obtuee anglf ? 
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An angle is the opening made hj two straight lines 
which meet at some point. 



Thus, the openmg A, made by 
the two lines BC and CD, is 
called the angle A, or the angle 
BCD, which means the same. 




B 

Right AngJet. 



When one of the lines meets the 
other so as to make equal angles 
on each side of it, those angles are 
said to be right angles. The angles 
ABC and A B D are right angles. 




An angle greater than a risht angle, as 
ABC, is called an obtuse angie; one less 
than a right angle, as the angle B C D in 
the first ngure, is called an acute angle. 



The ma^itude of an angle is 
usually estimated by the part of 
the circumference of a circle in- 
cluded between its sides, suppos» 
ing the point of meeting of the 
'two lines to be at the centre. 
The whole circumference for this 
purpose is supposed to be divided 
into 360 parts, called degrees. 
Measurement of Angles, Therefore A C B ifi an angle of 

45 degrees, (usually written 45°,) 
and A C D an angle of 90^. So B C E is an angle of 1 35°. 
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IBBSNTIAL AND INCIDENTAL F&OFSRTISB OV MATTJIS* 

5. Upon examining the various properties of bodies, 
we observe, that several of them are essential to and in- 
separable from every form of matter. Such are magnu 
tudcy form or Jigure, and impenetrability. We can not 
even conceive of a particle of matter existing without 
these. They are therefore called the essential properties 
of matter. 

6. Other properties are considered as secondary or inci- 
dental, as attraction, color, divisibility, inertia, hardness, 
elasticity, fleanbility, &c. 

7. By the magnitude or extension of a body, we mean 
its length, breadth, and thickness, or its power of occupy- 
ing a certain portion of space, without which we of 
course can not conceive it to exist. And as the space 
occupied by a body must be limited, every body or por- 
tion of matter must possess some form or figure, which 
is only the limits of extension. 

8. by the impenetrability of matter, we mean that one 
portion of it will not permit another portion to occupy 
the same space at the same time. There are three kinds 
or forms of matter, as we shall see more fully hereafter: 
viz., solids, as gold, iron, wood, &c. ; liquids, as water, 
oil, mercury, &c. ; and the gases, as the air which con- 
stantly surrounds us, carbonic acid, dz;c. 

Now solids, we know by daily observation, will not 
allow other bodies to occupy the same space with them- 
selves, at the same time ; and the same may be shown of 
liquids and gases. When a stone or other heavy solid is 
thrown into water, it sinks into it, but it first pushes 
away or removes the water in order to make room for 
itself. So, if we turn a glass tumbler bottom upward, 
and press it down perpendicularly into a vessel of water, 
the water does not rise and fill it, because of the air it 
contains. It does indeed rise a little in the tumbler, be- 

QmssTioNS, 6. What incidental properties of matter are mentioned? 7. What \% 
meant by the nuignitiide of a body 1 & What is meant by the impenetrability of mat- 
tor 1 Wliat three &rma of matter are there 1 How is iC shown that water and air are 
impenetrable 1 
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cause the air is compressed together, but do force can 
make the water fill the glass entirely, unless the air is 
first allowed to escape. 

9. By the iiiertia of matter is meant its inability to put 
itself in motion, or to stop itself when once put in motion. 
It is simply resistance to a change of state, whether of 
rest or motion. Thus a body, as a cannon-ball, being 
once at rest, would ever remain so unless acted on by 
some external force; so when once put in motion, as 
when it is fired from the cannon, were it not for the re- 
sistance it meets with from the atmosphere and othei 
causes, it would continue to move forever with the same 
uniform velocity. 

This of course can not be demonstrated, though it is no 
doubt true. A body put in motion by man does indeed 
soon come to a state of rest, but the continuance of its 
motion depends greatly upon the resistance it meets with, 
the motion continuing longer in proportion as the resist- 
. ance is less. Thus a body will move longer on smooth 
ice than on a floor, and longer through the air than on 
smooth ice. If all resistance, therefore, could be removed, 
we infer the motion of the body would be perpetual. 

The inertia of matter is well 
illustrated by the accompany- 
ing piece of apparatus made by 
Mr. Wightman of Boston. A 
stiffcard and ball. A, are placed 
on the top of a pillar, as repre- 
sented in the figure ; then, by 
pressing down the part B by 
the thumb, a spring, S, is made 
to strike a smart blow against 
___^_ the edge of the card, so as to 

To anutrau nitrHa. remove it from its place, while 

the ball remains still in its po- 
sition. This is occasioned by the inertia of the ball, which 
is such that it is not overcome by the friction of the card 
while passing from under it. 




MECHANICS. 15 

10. DivisibilUy. — ^Every portion ol matter with whicli 
we aio acquainted is capable of being separated or divided 
into parts ; but it is believed that every body is made up 
of an immense number of particles or atoms whicn are 
almost inconceivably minute, and entirely inci^ble of 
destruction or division. These particles are so very 
small, that no glass, however great its magnifying power, 
has yet been £U)le to show them, nor is any thing really 
known of their form or dimensions ; but yet it is believed 
there is sufficient proof of their existence. 

But matter, though composed of minute, unchangea- 
ble particles, is divisible to a surprising extent. An 
ounce of gold can be drawn into a wire several miles in 
length, and yet no flaw or evidence of separation between 
its atoms can by any means be discovered. So gold leaf 
may be beaten out with the hammer so thin that 360,000 
of them will be required to equal an inch in thickness ; 
and in the form of gilding for silvec-wire it is often much 
thinner than this. An exceedingly small portion of the 
substance called strychnia will diffiise itself through a 
whole pint of water, and render every drop bitter ; and a 
single grain of hyposulphite of silver, mixed with a little 
aqua ammonia; will sweeten 82,000 grains of water. A 
few years ago a woman in England spun a single pound 
of wool into a thread 168,000 yards, or nearly 100 miles 
in length. And the thread by which the spider lets itself 
down, though so small as scarcely to be visible to the 
naked eye, is said to be composed of several thousand 
separate fibers. 

But it is in the case of odoriferous bodies, probably, that 
we have the most extreme division of matter. A small 
piece of musk or camphor will fill* a room with its parti* 
cles, which are constantly thrown oflf and float in the 
atmosphere, for a great length of time without losing a 
perceptible portion of its weight. 

11. There are animalcules so small that a single drop 

QuBSTioM 10. Is every portion of matter capable qf beiiw separated or divided into 
parts 1 Are their ultimate particles or atoms incapable of division 1 Can these parti- 
eles be made visible to the eyel What is said of the divisibility of gold? Into how 
long a thread has a pound of wopl l)eep spun ? In what bodies do we have the most 
eilreme divinon of matter 1 

2* 
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of water may contain more than 26,000 of them ; and 
150,000,000 would have ample room in a tumbler of wa- 
-er to perform all their evolutions without interfering 
with each other. It is to be remembered, too, that each 
of these minute beings must have its various organs of 
circulation, respiration, locomotion, &c. How incon- 
ceivably small then must be the particles of which their 
bodies are composed ! 

12. The particles of which all bodies are composed 
possess another property called attraction, which causes 
them to adhere together with greater or less force. This 
is called the attraction of cohesion. We know nothiner 
of its cause, but give the name to the force by which the 
particles of bodies are held together. 

13. There are also other varieties of attraction, as the 
attraction of gravitation, capillary attraction, electrical 
attraction, magnetic attraction, and chemical attraction 
or affinity. Electrical and magnetic attraction will be 
treated of under electricity and magnetism respectively, 
but the discussion of affinity belongs exclusively to 
chemistry. 

/ 14. Cohesion, — All bodies being composed of particles 
of incalculable minuteness which are capable of being 
separated from each other, it follows that there must be 
some force by virtue of which solid bodies maintain their 
form,. and their parts are preserved from being scattered 
like those of fluids merely by their own weight. This 
force is called. coAe5fort,. or sometimes the attraction of co- 
hesion. It is the force by which the parts of all bodies 
are prevented from separating from each other, and fall- 
ing to pieces ; and when a body is broken, it is this force 
which is overcome. It is exerted only when the particles 
are apparently in contact,, or the distance between them 
is insensible. Thus, if two drops of mercury are brought 
near each other on a plate of glass,. they remain separate 

QvxsTioN 11. How many animalcules may be contained in a aingle drop of water 1 
Moat each of these have the different organs of respiration, circulation, &c. f 11. What 
Is meant bT a/<rac/»on 7 13. What varieties of attraction are mentioned? ll^^WbaK 
is eoh^ion 1 What force is overcome when a body is broken 1 At what distance only 
Is it exerted 1 How is this shown by two drops of mercury on a plate 1 How is ft 
phowu by a metallic plate suspended from a balance on the snrfaee ofwatcr 1 Will two 
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Cohuion of Water. 



until they approach so near each other that they ai>pear 
to touch, ^ when they immediately unite and form a single 
globule. » 

If a plate of metal 
or glass be suspended 
in a balance, and ex- 
actly counterpoised 
by weights, as in the 
figure, a slight addi- 
ditional weight at A 
will cause the plate C 
to rise ; but if now a 
basin of water, B, is 
put under it, so that 
it shall just touch the 
surface of the water, 
it will be found that a considerable additional weight will 
be required at the opposite end of the beam to detach the 
plate from the fluid surface, in consequence of its cohe- 
sive attraction. So two plates of glass finely polished 
and a little moistened, when pressed firmly together, ad- 
here with considerable force. If two lead bullets «are each 
scraped clean on one side and pressed together, one of 
them being turned or twisted a little at tne same time, 
they may be made to unite so firmly that it will require 
a force equal to a number of pounds to separate them.. 
Two freshly cut surfaces of caoutchouc or India rubber, 
when firmly pressed or hammered together, if perfectly 
dry and warm, will cohere almost as firmly as if they 
originally formed but one piece. 

In liquids this force is feeble, though, as we have seen, 
it is not wanting, f Jt is this which causes the drop of 
water to adhere to the lip of the vessel from which it is 
poured, and to trickle down the side instead of dropping 
perpendicularly downward, as would be the case if no at- 
traction existed between the solid of which the vessel is 
composed and the liquid. It is this force, indeed, which 



plates of politb«d clan adhere with considerable foreel How may two lead balls bs 
made to adhere 1. Is there any oohesipn among the particles of liquids') Hew is ths 
pTiSence of cohesion In liquids showin 
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causes water to wet any other substance, as tiiis effect 
could not be produced but for its existence. 

15. Sometimes, when the bodies that adhere are of dif- 
ferent kinds, ^as in the case of the metallic plate and the 
water above described, or in the case of the silvering up- 
on the back of a looking-glass, the term adhesion is used, 
leaving the term cohesion to be applied only to those in- 
stances in which the particles are of the same kind ; but 
the distinction is unimportant. 

16. Capillary Attraction. — ^That force by which water 
or other liquids are made to rise in very small tubeisnis 
called capillary attraction. The effect of the same force 
is also seen whenever a plate or rod of any substance is 
plunged into a fluid capable of moistening it, as a platb 
of glass in water, by the rise of a small portion of the wa- 
ter against its sides, as if attracted by the glass. 

Thus, -let AB be the level 
surface of the water in a ba- 
sin, C a section of the glass 

V ^ plate, one edge of which is 

-■^' ^ plunged vertically into the 

water. The water, as every 
one has observed, will rise a 
RiM of Fluid, little above the level surface 

against -the sides of the glass 
plate, as represented by the dotted curved lines in the 
figure. The same effect is also seen in the similar rise 
oi the wateiv around the sides of a tumbler or other ves- 
sel containing it, and indeed in most liquids, when con- 
tained in vessels in ordinary use. * In order that it may 
take place, it is only necessary that the liquid should be 
of such a nature as to be capable of moistening the sub- 
stance of which the vessel is formed^ 

But these phenomena are Jbest observed by using small 
glass tubes, and water colored with ink or other coloring 
matter. The smaller the bore of the tube is, the higher 
the water will rise. 

Question 15. When has the term adhesion been used 1 16. What is capillary attrac- 
tion 7 How is it shown when a plate or rod is plunf ed into a liquid 1 Does the water 
always rise a little around the sides of Tessels in which it is contained? In order that 
this rise may take place, what only is necessary 1 How are the phenosiena ckf capillary 
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CttfiUary Attraction 



This is shown in the accompa- 
nying figure, in which A B C D rep- 
resent several tubes of different 
bore, open at both ends, and im- 
mersed in water, and I Illy the 
heights to which the water rises in 
them severally. It attains the 
greatest height in small hair-like 
tubes ; and hence the force which 
causes the rise is called capillarity, or capillary attraction^ 
from the Latin word capillus, a hair. 

The height to which water will rise in tubes of the 
same bore is always the same ; but of other liquids, as oil 
of vitriol, alcohol,^or solution of common salt, some will 
rise higher, and others not so high. 

This force is also exerted between two plates, when 
brought sufficiently near each other, and immersed in a 
fluid. 

The experiment is best per- 
formed by taking two pieces of 
fflass, A and B, an inch and a 
half wide, and two inches long, 
and placing them in a trough of 
colored water, D, with two of 
the edges in contact, as at C, 
while the opposite edges are a 
little separated. The two plates 
will then make a small angle with each other, and the 
water will be observed to rise to a considerable height on 
the side C, where the plates touch each other, and grad- 
ually to fall toward the other side, forming the well- 
known curve called the hyperbola. 

If a drop of water be placed in a small conical tube, 
by the force of capillarity it immediately begins to move 
toward the smallest end of the tube, whatever may be its 
position. 

» 

attraction beat obaeryed 1 On what doea tha height to which the liqaid wiU riae de- 
pend 1 Will a liquid alwaya riae to the same hei^t in tubea of the aamc borel WiU 
aU liqnida riae to the aame height 1 Will thia force be exerted between two plateal 
What ia the effect when a drop of water ia placed in a conical tubef How Is tne riae 
<lf water in a aponge or piece of cloth ezphunedl How may auch poroua aobatanoea 
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It is by this force of capillarity that water rises in a 
piece of sponge, or cloth, or other similar substance, as 
oil in the wicks of lamps, &c., which may be considered 
as a collection of a great many short capillary tubes, pro- 
miscuously thrown together. By the same force water 
is raised from the deptn of several feet beneath the sur 
face of the earth, to keep the soil moist, from which it is 
constantly evaporating by the heat of the sun. Were it 
not for this provision of nature, the surface of the earth 
would often become so thoroughly. dry and parched, dur- 
ing the long intervals that occur without rain, that all 
vegetation .must necessarily be destroyed. But the water 
which accumulates beneath the sunace during rains, is 
preserved there as in a reservoir, and gradually rises by 
capillarity as it is needed to supply the constant wants 
of vegetation. 

To illustrate this point, take a piece of glass tube, open 
at both ends, and not less than half an inch in diameter, 
and from twelve to eighteen inches long, and support it 
as nearly as may be in a perpendicular position, in a shal- 
low vessel capable of holding water. Then, after stop- 
ping the lower end loosely, fill the tube with perfectly drv 
sand or loam, and pour into the basin some w^ater ; it will 
be seen that the water will gradually rise in the tube, 
moistening the sand until it reaches quite to the top, 
though, if the tube is eighteen or twenty inches long, it 
may require several days for the purpose. 

Capillary attraction is in some instances made to exert 
great force. A weight suspended by a rope perfectly dry, 
will be drawn up a considerable height, if the rope is 
moistened with water. The fibers of the rope pass spi- 
rally around it, and their swelling by absorbing the wa- 
ter, which is due to capillary attraction, necessarily occa- 
sions a contraction in its length. If the rope is sufliciently 
strong, it may be made in this way to lift several hundred 
pounds. 

17. When a solid is immersed in a liquid which will 



be considered 1 How may we account for the rise of the water in the eoil from the 

' nature % How may the rise 
with sand 1 Is cupillary at> 



depth of several feetl Is this an important provision of nature) How may the rise 
of water in the soil be illustrated by means ota tube filled wit' 



traction exerted with any considerable force 1 
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not adhere to it so as to moisten it, then, instead of a^ 
elevation of the liquid, we see a depression. This is the 
cade with mercury in a dass vessel, all around the sides 
of which a depression wm always be observed. When, 
therefore, a capillary glass tube is plunged into a vessel 
of mercury, the fluid metal will not rise so high in it as 
the surface of that contained in the vessel. 

It is on this principle that a small sewing-needle may 
sometimes be made to float upon the surface of water 
To insure success in the experiment, the needle should 
first be oiled slightly and wiped clean, and then placed 
very carefully upon the surface of the water. The per- 
spiration of the hand is of sufficiently oily a nature to 
prevent the water from adhering to the needle ; or it may 
be rubbed upon the hair, and then wiped clean. If the sur- 
face of the needle is once moistened, it immediately sinkf 

Some insects are enabled to walk upon the surface oi 
water by means of this repulsion between their feet ana 
legs and the water. The same repulsion is seen in drops 
or even large globules of dew that are often observe! 
standing upon the leaves of plants, particularly the cab* 
bage. When the leaf is moved, the globules of watei 
wm often roll ofi* quite unbroken, leaving the leaf of the 
plant dry. 

18. .A slight modification of the action of this same 
force is seen in the attractions and repulsions which take 
place between two balls, or other light substances, when 
thrown upon the surface of water or other liquids. When 
two balls, both of which are capable, or both incapable^ 
of being wet with water, are made to float upon the sur- 
face of this liquid, if they come within a certain distance 
of each other, they are observed to rush together, as 
though an attraction existed between them. Balls of 
wax or wood will answer for the purpose. 

A and B, in the following figure, are supposed to be 

QinMTidir 17. What is the effect wlien a solid is immersed in a liquid vhlch is noi 
eiqpable of moistening it 1 How may a small sewiug-needle be made w float upon wa* 
ter 1 How are some insects able to walk npon the sorftce of waters Why does • 
drop of water roU unbroken npon a cabbage-leaf? ]& Wben will two ballsy thrown 
upon tlM snr&ce of wi^r appear to attract each other) What substances may ba- 
nsed for the purpose 7 What will be the effect if one of the balls is moistened by the 
Bqnirj used and the other is not 1 
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two balls of the former substance 
floating upon water. As the wa- 
ter will not readily moisten the 
wax, a cavity is produced around 
jattnustum. - the balls ; and if *they come with- 

in a certain distance of each oth- 
er, the surface of the water at C 
will be depressed a little below the general level, and the 
pressure against the outside of each will then be greater 
than that against the inside. ^ As a necessary consequence, 
they will rush together. 

If both balls are capable of being moistened with the. 
liquid, then the surface at C between them will tend to 
rise a little above the general level, and will thus draw 
the balls together. Out if one of the two balls used is of 
such a nature that its surface may be moistened by the 
liquid used, while that of the other ball is incapable of it, 
then 'they will appear to repel each otherh 

The balls D and E are sup- 
posed to be of this character. 
One of the balls, D, raises the 
water all around it by the attrac- 
tion of its surface, while the other 
RejmUunL lei^ls it ; SO that, when brought 

together, the latter seems jto slide 
off from the heap of water raised by the former. 

The same attractions and repulsions are observed be- 
tween the sides of a vessel containing a liquid, and sub- 
stances floating in it. 

19. Closely allied with capillarity are the phenomena 
of endosmose and exosmose. When two liquids of diffe- 
rent densities are separated by a membrane, as a piece 
of bladder, or unoiled leather, or by undazed porcelain, 
I two currents become established, one n-om within out- 
Ward, (exosmose,) the other in the contrary directior 
(endosmose.) 



QwsTXOir 19. What is the effect when two Itqulds of diffierexit denaltiet are separa* 
ted by a thin membrane, as a piece of moistened leather^ or bj a porous sabstancel lo 
what direction does the Uquia move through the membrane t what other properties 
are closely connected with cohesion 1 
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A good method to illustrate it is to 
take a glass tube half an inch or more 
in diaiheter, and tying a piece of 
bladder or unoiled leather over one 
end for a bottom, put into it some 
sugar and stand it in a tumbler of 
water, at the same time pouring a 
little water into the tube upon the 
sugar. In the course of a few hours 
the water will be found to rise in the 
tube, having entered by endosmose 
through the leather at the bottom of 
fhe tube. If the tube is allowed to 
stand, the liquid will rise after a num- 
ber of days to the height of several 
feet. If the sugar had been put into 
the tumbler outside of the tube, and 
pure water in the tube, exosmose 
would have taken place, and the tube 
would have become empty, i As a general rule, it is found 
that the least dense liquid nas a tendency to pass to the 
most dense, and of course to dilute it.i This is the case 
in the above instance, the solution of sugar being of 




Endonuute. 



Closely connected with cohesion are several other 
properties which seem to be accidental, as tenacity ^ brit- 
*tleness, elasticity, and Jtexibility.\ 

20. The tenacity of bodies is dependent directly upon 
the intensity of the attractive force among the particles, 
by which they are prevented from being separated so far 
as to cause a rupture or fracture of the mass. This pro- 

Grty varies greatly in different substances, the metals 
ing in general most tenacious. But in the metals there 
is a great difference, a force of about twenty pounds being 
sufficient to draw asund^ a wire of bismuth one-tenth of 
an inch in diameter, while/an iron wire of the same' size 
would support a weight dt- raOre than five hundred and 



QvBBTiOK 20. On what is the tewtciiu of a body dependent 7 DpM t>ta property ot 
bodies Tary eonaiderably 1 What metal is most tenaciout 7 '^ 

8 
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forty pounds. Next to- iron, copper and platinum are 
most tenacious. 

21. Brittleness is obviously the ^reverse of tenacity; 
bodies that are brittle are capable oF supporting little 
weight. This property is often associated with hardness, 
and is frequently acquired by bodies in the process of 
hardening. Thus steel, when made very hard, is at the 
same time exceedingly brittle; cutting instruments are 
therefore usually made partly of iron, to give thenx the 
necessary strength. 

22. When a body is capable of being bent in anv man- 
ner, within moderate limits, by the application of force, 
it is said to he flexible; for a Dody to possess this property 
it is necessaryuhat the attraction existing between one 
portion of its atoms should be capable of being partiajly 
overcome, and allowing them to be separated further from 
each other, while other portions of the atoms are pressed 
more closely togetheT!) 

-^ Thus, let A B and C D rep- 

^^-YY-y^Y'YYY^B resent two rows of atoms of a 
^^<J<J^^J<J^J^<J<-y<^ cylindrical rod of metal or oth- 

^QQQQQQQQl) er substance capable of being 

^^'^^^^''^^^'^ bent in the form of a bow, by 

^-. ^^ the application of a sufficient 

/-N O Cj Q force in the proper direction. 

- ^"^^^^ As the bending takes place, the 

length of one row is increased, 
while that of the other is di- 
minished, as may be seen by 
nrtieiet. comparing the curved rows 

EF and GH with AB and 
C D respectively. This of course can be accomplished 
only in the manner ^pointed out by the separation of the 
atoms of one row a little from each other, while those of 
the other row are pressed nearer together> Among the 
most flexible bodies are lead, gold, silver, annealed cop- 




auBSTioN 21. What is said of brittlenesa? May a hard body be at the eame time 
orittle 1 22. When is a body said to hefiexible 7 What is necessary in a body possess, 
ing this property % In what part of the body, as the bending takes place, are the parti 
•lea pressea nearer together, and in what part are they separated 1 
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per, soft iron, especially when heated to redness, several 
kinds of wood, wax, <fcc. 

23. The elasticity of a body is the property which 
causes it to resume its original form, after being bent, "las 
in the above case, of after being expanded or compressed. 

»^ Elastic bodies must therefore be so constituted a8(to al- 
low a portion of their particles to be momentarily, al 
least, removed at greater distances from each other, with- 
out having their cohesion overcome, and others of them 
pressed into closer proximity with each other without be- 
coming permanently fixed in that positiorfi.^he attrac- 
ion between the partially separated atoms on one hand, 
Uid the repulsion between the unnaturally approximated 
\toms on the other, will both tend to restore the body to 
ts original form.^Sometimes this change of form may 
be entirely impep<^eptible to the eye; and yet it is de- 
monstrable that it does take place. Thus, ivory is one of 
the most elastic solids that is known; and a ball of it, when 
thrown upon a marble floor, rebounds in consequence o\ 
Ihis property, its form on striking the floor becoming altered 
and compressed, but it exhibits no signs of it to the eye. 

Difierent elastic bodies vary extremely in the extent to 
A'hich they will yield without rupture ; but most solids 
that are elastic suffer more or less change of form by 
being long compressed. The gases, as atmospheric aii 
and carbonic acid, are the most elastic of all bodies ; they 
never yield to any force, however long' they may be 
compressed. 

Among the most elastic solids are glass threads, stee' 
springs, and unannealed copper and brass. 

Liquids are but slightly elastic. 

V 

GRAVITATION, r 

24. We give the name Gravitation to that property oi 
matter by which masses o£ it of every kind tend always 

QusHTioN 23. What is meant by the elasticity of a body 1 How must an elastic bod^ 
be constitiUed Y What will tend to restore the body to its original forml Will this 
change of form always be perceptible to Uie eye 7 How is this demovstrated by the 
use of ivory balls 1 Do elastic bodies difTer in regard to the extent to which ihey will 
) teld without rapture 1 What are some of the most elastic solids 1 Are liquids elastic 1 
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to approach each other; and the particular attraction of 
the earth by which bodies are made to fall toward it, we 
call terrestrial gravity. Every one knows that when any 
substance, as a stone, is permitted to fall from the hand, 
it rapidly approaches the floor in a straight line. Now 
the stone is composed of inanimate matter, and of itself 
is absolutely inert, and incapable of changing its position 
or state, (9,) consequently its falling must have been 
produced by some force acting upon it^ This force is 
found to be the attraction of the earth. ' The measure or 
amount of this force in the case of any-particular body 
constitutes the weight of that b^dy^, 

25. This attraction is exerted at'' the smallest and the 
greatest distances/tetween the smallest masses of matter 
and the earth on ^¥hich they lie at rest, and between the 
earth and sun and other vast bodies that constitute our 
solar system. 

26. TTiis Attraction is toward the Centre, — If a mass 
of lead or other heavy substance be suspended by a string, 
it will, when left free to move, by the action of this force 
be made to point directly to the earth ; and this occurs 
in every place, whether in America, in Europe, or in In- 
dia, proving that the attraction is every where toward the 

earth. By further exami- 
nation it will be seen also 
that the mass always tends 
toward the centre of the 
/^ N^ earth, which may be con- 

sidered the point from 
3> which the force emanates. 
This may be illustrated 
by referring to the accom- 
panying figure, in which 
the circle E is supposed to 
represent a section of the 
earth through the centre, 
and ABCD the position 



^ Ol -B I 
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Toward the Centra. 



Qttbbtion 24. What is gravitation 7 Is a stone let fall from the hand capable of 
pmting itself in motion 1 Why then does it move toward the earth 1 What is the 
imi^ht of a body t 26. At what distances is graviution exerted 1 26. To what point in 
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of the heavy body suspended by a string in four different 
places diametrically opposite each other. 

27. From this it wfll be seen that two plumb-lines, 
which are merely lines swinging freely with heavy weights 
attached to them, used by mechanics, can never be per- 
fectly parallel with each other. 

Let the circle S PU N be a sec- 
tion of the earth from north to 
south through the city of Philadel- 
phia (Pa.) ; it will also pass very 
nearly through Utica.-in the State 
of New York, which is .about three 
degrees and eight minutes north 
of the former place.; Now sup- 
pose A and B are two plumb-lines, 
the former at Philadelphia, and the 
latter at Utica ; they will tend to 
meet at the centre C, and of course 
must make the above angle ol 
three degrees eight minutes with 
each other. But in the ordinary practice of the me- 
chanic, as in carpentry, .the error that would be occa- 
sioned by considering s'uch lines parallel, may be entirely 
disregarded. ^ 

28. Quantity of Matter. — vThe intensity of the attraction 
of any two bodies for each other will be proportional to 
their respective quantities of matter^^ Masses of matter, 
therefore, on the surface of the earth, nave an attraction 
for, or gravitate toward, each other ; but the attraction 
of the earth is at the same time so much greater, in con- 
isequence of its greater quantity of matter, that their at*- 
traction for each other is quite insensible. Still, bodies 
at the surface of the earth do exert an influence on each 




Ftiimh-LitU3, 



(be earth do bodies tend 1 If four bodies are saspended on opposite sides of the earth, 
what will be their position in reference to each other 1 

Question 27. wlU two piumb-lines near each other be parallel? If two plumb-lines 
are suspended, one af Philadelphia, and the other at Utica in the State of N<!W York, 
which IS nearly onihe same meridian with Philadelphia, what angle would thoy make 
with each other ? Would the error arising from considering' plumb-lines parallel, ordi- 
narily be sensible in practice ? 28. To what will the amount of the attraction of two 
masMfl of matter for each other b« proportiohal7 Why is not the attraction of two 
masses of matter for each other near tn%Ma||Ce of the earth perceptible 1 Are moun 
lains capable of drawing the plumb-line frii^. its true position ? Is the aftraet^on be. 

3*" 
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Other ; and it has been found that the plumb-line by the 
side of a high mountain is drawn sensibly out of its true 
perpendicular position. 

This attraction between masses of matter, as in all 
other cases where force is exerted, is mutual ; and when 
a heavy body, as a stone, falls toward the earth, the earth 
also falls toward the stone ; but the distance which it ac- 
tually passes through will be as much less than that passed 
over by the stone, as its mass is greater. 

29. All Bodies tend to fall with the same Velocity. — ^If 

there were nothing to impede the free motion of bodies 

near the earth's surface, all falling bodies would move 

toward it with equal velocity. Daily experience seems 

indeed to contradict this, as heavy bodies ap- 

£pear to fall with much greater velocity than 
light ones ; but the difference is caused by the 
resistance of the atmosphere, which retards 
light bodies more in proportion to" their weight 
than it does heavy ones, •. That the observed 
difference in the velocity of light and heavy 
bodies falling toward the earth is to be attrib- 
uted to the influence of the atmosphere, is 
shown conclusively in the well-known experi- 
ment of letting two bodies of this kind, as a 
feather and a piece of coin, fall together in a 
tall receiver from which the air has been ex- 
hausted. 

The experiment may be performed in the 
following manner. Let a receiver of glass, 
three inches in diameter, and four or five feet 
in length, contain a feather and some heavy 
substance, as a piece of coin. After attaching 
it to the air-pump and exhausting the air, it is 
to be held in a vertical position and then sud- 
denly inverted, so that the bodies may fall from 




Vacuum. 



tween two masses always reciprocal 1 In approaching each other, will the greater or 
■mailer mass move over the greater distance l 

QuBSTiOM 29. Do all bodies fall toward the earth with equal Telocity 1 Why do 
heavy bodies, in falling, .move more rapidly than light onesl How may it be shown 
that, bat for the resistance of tbe air, both heavy and tight bodies wonld fall with cqoW 
r^oclt/l 
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end to end. If the air is perfectly exhausted, it will be 
seen that both bodies fall with the same velocity. 
> 30. It might indeed seem, at first sight, that, independ- 
ent of the retarding influence of the air, heavy bodies 
should fall more rapidly than those that are lighter ; (but 
it is to be recollected that matter of itself is entirely in- 
ert, and that consequently the force required to set a mass 
in motion, or ffive it any required velocity, will be exactly 
in the ratio of the quantity of matter"^ /Thus, if a body 
weighing one pound falls by the force of gravity with a 
given velocity, to cause another body of four pounds' 
weight to fall with the same velocity will, of course, re- 
quire the exertion of four times as much force. They 
should therefore fall with equal velocities, "s 

31. The ascent of light bodies, as smoke and vapor, or 
a balloon, through the air, furnishes no exception to the 
universality of tne action of gravity, but is in strict ac- 
cordance with it. r In air and in liquids, the particles of 
which are free to moye among themselves, the bodies 
having the least weight in proportion with their bulk, will 
be forced upward by the greater gravitation of the heav- 
ier. Now this is the case in the instances mentioned, as 
will be more fully explained hereafter; the balloon, for 
instance, being lighter than the same volume of air, is 
forced upward by the tendency of the air to fall beneath 
it and occupy its places 

32. (The spherical form of the earth and planets ap- 
pears to result from this law i^jfor all the parts of these 
bodies being equally attracted toward the centre of the 
mass, would arrange themselves at equal distances around 
it, or, in other words, the mass would take the spherical 
form. 

33. Taking advantage of this^ property, lead shot are 
cast perfectly spherical in form/ by causmg the globules 
of the inplted metal to fall from the tops of high towers, 
so as to become solid before reaching the bottom] The 

QirssTiON 30. Shoald it require more force to set a heavy body in motion than it re* 
quired for s licht one 1 Ought a hodj weifhing one pound then to fall as rapidly m 
ene weighing tour pounds 1 31. How is the ascent o( light bodies, as smokej^exmained 1 
3S. FlR»n what does the spherical form of tha earth and planets result 1 33. How ara 
siiot east so as to be of a perfectly spherical form 1 
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attraction of the particles among themselves causes the 
mass while falling through the air to take the form men 
tioned. To prevent the shot from being bruised by the 
fall, they are received at the bottom in a cistern of water. 
,< 34. Effect of Distance.— fthe attraction of bodies at dif- 
ferent distances is inversely as the squares of those distan- 
ces.^his seems to be the law which regulates the action of 
all forces which emanate from a centre, and spread them- 
selves around, llf two bodies at the distance of a foot 
attract each other with a force equal to 1, then at the 
distance of two feet their attraction will be only \, and at 
three feet distance it will be |, &c?\ 

The attraction of the earth, or the gravitation of bodies 
toward itjljs greatest at the surface, and diminishes as 
we ascend above or descend below \C) Above the sur- 
face, the attraction diminishes according to the law just 
stated, the distance being reckoned^from the earth's cen- 
tre, i Thus, if we call the semi-diameter of the earth 4000 
mil^s, as it is very nearly, then at twice this distance, or 
8000 miles from the centre, a body that would weigh a 
pound at the surface would weigh only J of a pound; and 
at 12,000 miles from the centre, or 8000 miles from the 
surface, it would weigh only \ of a pound, &c. 

35. (Below the surftice, the force of gravity diminishes 
only as the distance \ that is, a body weighing a pound at 
the surface, at the distance of 1000 miles below, or one- 
fourth of the distance to the centre, would weigh only f 
of a pound ; and 2000 miles below the surface, it would 
weigh only \ a pound, and so on. 

We have therefore the following table. A pound at 
a distance from the centre of the earth of 

1000 miles, or J, will weigh \ pound, 
2000 I) }, Si i9 ' s f, 

3000 



1 


$* 


1 


3 
4> 


t> 


f 



» » 4> *9 4 " 



UvBSTiOM 34. How does this force vary with the distance 1 If two bodies at the dis. 
tance of a foot attract each other with a force equal to one, what will be their attraction 
at the distance of two feet % At the distance of three feet t Where is the attraction of 
the earth greatest 1 Above the surface, how does the earth's attraction decrease 1 
From what point is the distance to be reckoned 1 How much would a body weiffhlag 
a pound at the surface weich at the height of 4000 miles ? How is this result obtamed t 
SjT How does the force of gravity diminish below 'the snr&cel If a body weighs a 
poand at tlie surface, how much will it weigh 1000 mitfs below the surfarel 
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4000 miles, or 1, will weigh 1 pound, 
8000 „ „ 2, „ {• „ 

12,000 „ „ 3, „ i „ 

16,000 „ „ 4, „ tV V or 1 oz. 

At the distance of the moon, which is about 240,000 
Tiiles, (or 60 times 4000 miles, the earth's radius,) the 
•i^eight will be only ^^Vy- 

36. TAs the earth is not a perfect sphere, and all parts 
Df its surface are not therefore at an equal distance"^ from 
the centre,^^jihe force of gravity must vary at different 
places, being less at the equator than at the poles) but 
the variation is inconsiderable, though easily determined 
by using the proper means. ^ 

37. Centre of Grravity.-^hQ centre of gravity of a 
body is that point about which all its parts will be equally 
balanced in every position of the body.'*^ Consequently^ 
if this point is supported by mechanical means, the body, 
whatever may be its form or position, will lie at rest. 

A proper idea of the centre of gravity will readily be 
obtained Iby considering what takes place when an at- 
tempt is made to balance a straight wire, of son^e ten or 
twelve inches in length, on the back of a knife.! ''Every 
particle of the wire is drawn downward equally by the 
earth's attraction, and the wire inclines to fall one way or 
the other until it is made to rest exactly upon its centre,) 
then the attraction of the particles on one side of the 
knife being precisely equal to that of those on the other 
side, an equipoise will be produced, and the wire will be 
supported.) This point at which it is supported, or rather, 
a point in the centre of the wire directly opposite, will be 
the centre of gravity of the wire. 

In bodies oi a regular form (as the circle, square, cube, 

and sphere) and uniform density, this point is always 

found exactly at the centre ; but this is not the case if 

I the form is irregular, or if some parts are more dense than 

others. 



QiTBflTiON 36. Are all the parts of the earth's sarface equally distant from the centre 1 
Is the force of gravity of equal intensity at the equator juujL«t-the poles 1 37. What Is 
the centre of graTtty of a body 7 How may a correct iSMraf the centre of gravity of a 
body oe easily obtained V When will an equipoise of the wire be produced 1 In bodies 
of ft rcfular form and uniform density, where is the centre of ffravity 1 , 
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Finding Centre of Qravity, 



88. The centre of gravity of many bodies which aie 
composed of the same kind of particles is found without 
difficulty, ^hus, the centre of gravity of a triangle will 
be in the point where two lines, drawn from the vertices 
of two of its angles to the middle of the sides opposite, 
meet.J) 

In the triangle ABC, according 
to what has been said, the centre 
of gravity must be somewhere in 
the line B E,. drawn from the ver- 
tex B to E, the middle point of the 
side A C opposite ; and it must al- 
so be somewhere in the line C D, 
drawn in like manner from the 
vertex C ; but as it must be in both 
of these lines at the same time, it 
must be at S, the only point that is common to the two. 
Though we have spoken of the centre of gravity of a 
body as being a point in the body itself, yet this is not ne- 
cessarily the case. In a ring of uni- 
form density, for instance, the centre 
of gravity will be at the centre of 
the circle, a point equally distant 
from any portion of the solid. 

39. When a body is suspended by 

a cord attached to some point in it, 

l^its centre of gravity, when it is at 

rest, will always be in a line let fall 

perpendicularly from that point.- 

The centre of gravity of an irreg- 
ular body, considered as a surface, as 
a piece of board, A BC D, may there- 
fore be found as follows. Let the 
body be suspended by some point, as 
C ; to this point attach a plumb-line, 
(27,) and with a pencil draw C D. 
According to what has been said, the 




Finding Centre of 
Oratity. 



QuBSTiON 38. How may the centre of gravity of a trianirle be found ? 39. When & 
body IB suspended by a cord so as to swing freely, where will tts centre of gravity bat 
IJow may the centre of gravity of an irregular surfaca be found 1 
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Centre of Qnnity. 




centre of ^avity of the body must be in this Une. Then 
suspend the body by another point, A, and to it, as before, 
attach the plumb-line, and draw AB, which must also 
contain the centre of gravity. But being in both of these 
lines, it must of course be in their common intersection, 
E ; and, upon trial, it will be fouiid that the body will bal- 
ance itself very accurately upon this point. 

40. The centre of 
gravity between two 
equal masses of matter, 
as A and B^will evi- 
dently be in the middle 
point between them")^ 
but if the masses are 
unequal/lhen this point 
will be nearer to the 
larger^ Thus, if the 
body C weighs three pounds, and another body, D, weigh- 
ing five pounds, be connected with it by an inflexible rod, 
their centre of gravity will not be at the middle point be- 
tween them, but will be as much nearer D as this is larger 
than C. 

• A- 

41. If the body be not of uniform 
density, the centre of gravitv^s al- 
ways nearest to the part wnich is 
most dense.;) Thus, in a circle, as 
we have stated, the centre of gravity 
is at its centre, if its density be uni- 
form ; but if one half of it is made 
of wood, and the other half of lead, 
which is heavier than wood, the cen- 
tre of gravity of the whole will not 
be in the centre of the circle, but 

considerably to one side of it in the lead. 
42. Line of Direction.-^A line let fall perpendicularly ^ 

from the centre of gravity of a^body is called the line of I 




CttUre of Oravitjf. 



-. ^ "jj^ j fef 

QmsTXOM 40. Where will be the centre of gravity between two bodies of equal 
weight 1 If the bodies are not equal 7 41. If a bodv is not of nniform density, toward 
what part of it is its centre of gravity found? 42. What is the line f^ direction of a 
tody ? What must be the position of this lin6 in order that a body may stand firm 1 




direction ; and, in order that the 
body may be supported J this line 
must always fall within me base 
on which it restsMf it falls with- 
out the base, the body will fall. 

Thus, the body A B C D, whose 
centre of gravity is at S, though 
inolined, remains firm, because 
the lioe of direction falls with- 
in the base C D ; but if we place 
upon it another piece, A E F B, 
by which the centre of gravity 
of the whole body will be changed 
to S,' it will fall, because the hne 
of direction will then fall with- 
out the base. 

■ A carriage with a high load is 
therefore more in danger of be- 
ing upset than one, the load of 
which is less elevated. 

43, In Pisa, in Italy, is the 
well-known leaning tower, rep- 
resented in the figure, which 
inclines fifteen or sixteen feet 
from a perpendicular ; hut it has 
stood firm in this position many 
hundred years, the line of direc- 
tion, notwithstanding its inclina- 
tion, still falling considerably, 
within its base. 

44. From what has been said, 
it will be seen that the stability 
of a body jivill depend chiefly on 
two circumstances; its height 
and the extent of its base.) A 
pyramid stands firm, because its 



)u 1 Hu il bEcn lonf In Ibia potillon 1 44. On whu tno clrcunutucn ania (be ■» 
btllti of ibodjr chinfly depiotf) Whj dan « pmnild HMld flrm 1 Whyh t, ^bora 
•■kJly pul Iti mnllan whan rMlliig an m InclLntd plAOv. 
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centre of gravity is comparatively low, and its base is 
very extensive in proportion to its magnitude. (^On the 
other hand, a sphere is easily put in motion, because from 
its fimire it rests upon a single point ;\ and if the plane 
which supports it is ever so little inctined, the line of di- 
rection TV ill fall at one side of this point, as is shown in 
the figure in the margin. "^ 

Let C be the centre of the 
sphere of which the circle B D 
is a section; CA will be the 
line of direction which falls out 
of the base or point of support, 
this being at B. Hence, the 
body will move down the plane. 
45.1 Whenever a body is made 
to move by the force of gravity, 
uts centre of gravity must de- 
scend^ uf its position or form is 
such tnat any change of posi- 
tion would require this point to be raised, it will be sup- 
ported and remain at rest. 

46. Man, when erect, stands less firmly than most 
other animals, because the base, composed of his two 
feet, is small, and his centre of gravity is very high above 
it (44.) Hence, it requires no little dexterity in the 
child to learn to walk ; and it is a long time before he ac- 
quires sufiicient experience to enable him at all times to 
preserve his centre of gravity, by keeping the line of di- 
rection within the base, as he balances himself first upon 
one foot and then upon the other. 

47. A man carrying a burden upon his back naturally 
leans forward ; and when carrying it on one shoulder he 
leans toward the other side. Rope dancers, in order to 
balance themselves the more readily, hold in their hands 
a long pole, loaded at each end, which enables them the 
more easily to change their centre of gravity by moving 




his Mek, lean forward 1 If hit biird«n is upon one aboalder, why does he lean to want 
lb* olbar ilde 1 9j what means do rope dancers balance themieiTes upon the rope 1 

4 
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th^ pole in one direction or another, as may be necessary 
to preserve them from falling. 

48. Little James had a twenty-five cent piece offered 
him if he would place his back firmly against the door, 
and stoop down and pick the money upffom the carpet, 
when thrown down immediately before him ; but after 
many trials he found it impossible, and was obliged to 

f;ive it up, wondering greatly what could be the reason, 
f he had studied this subject, he would have known that 
when a person stoops forward he is obliged to throw his 
body backward, so that his centre of gravity may be sup- 
ported ; but this being impossible in the present case, in 
consequence of his back being against the door, he could 
not stoop enough to reach the floor without pitching for- 
ward. 

49. The shape of bodies may sometimes be so con- 
trived as to make them appear to rise when they are 
actually falling. The case of the double cone rolling up 
an inclined plane is often referred to. 

The body E F, consisting 
' \ ^ _««&_ ^f *^^ equal cones united by 

their bases, is placed upon 
two straight and smooth 
rulers, A 5 and C D, which 

Rotting yp an inclined PlaZ. ^t OnC CUd mCCt at a Small 

angle, and rest upon the table, 
but at the other are raised a little above the table. The 
double cone will roll toward the elevated end of the 
nilers, and will have the appearance of ascending ; but, 
from its peculiar form, it is manifest upon examination, 
that on the contrary, it is falling. To make this plain, it 
will only be necessary to hold a ruler parallel to the table 
over the rolling body, and as it advances it will be seen to 
fall more and more from it. 

50. So a circle of wood, or some other light substance, 
may be made to move' by its own gravity a short dis- 

QvBiTioK 48. Why coald not little James itoop down to pick up the piece of money 
on the floor before him. when standing in the position aescribed 1 49. How ma/ a 
■olid in the shape of a doable cone be made to roll up an inclined plane 1 Does the 
centre of gravity of the body ascend 1 60. How may a circle of wo<hI be made to rise 
by it* own graVity a distance on an inclined plane t 
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tance up an inclined plane by making one side heavier 
than the other, and placing it properly on the plane. 

Let A B be a circle of wood 
situated on an inclined plane, 
having a piece of lead, B, attach- 
ed to it near the circumference ; 
it will roll up the plane, the 

^^ whole wheel actually rising, un- 

Rcoing vfwerd. til thc Weight B has nearly 

reached the lowest point, when 
it will stop. It might at first seem that the wheel has 
really raised itself; but though its whole. mass has risen, 
the centre of gravity, which we will suppose at C, has 
fallen. If now it is desired to roll the wheel further up 
the plane, it is manifest that a greater effort will be re- 
quired than if it had not been loaded ; but after the 
weight B has passed the highest point, it will move on as 
before of its own accord. 

MOTION AND yOBOS. 

51. Simple Motion. — ^Motion is change of place of a 
bodv, and is always produced by some cause independent 
of tne body itself (9.) 

52. The cause by which motion is produced we call 
force ; and the motion resulting from the action of any 
tbrce is always proportioned to the force, and in the direc- 
tion in which the force is impressed. 

53. When a body has once been put in motion, the 
same amount of force is required to bring it to a state of 
rest (9) as was at first required to produce tjhe motion ; 
and a body once put in motion, but for the resistance it 
meets with, would continue to move on forever. 

54. The rapidity with which a body moves is its velo- 
city, which may be uniform, as when the body passes over 
equal spaces in equal times ; or it may be accelerated, as 
when the portions of space passed over in equal times 

QfJXSTiON 61. What is meant \>j motion 7 By what is motion produced t 62. What 
i» /dree 7 63. What is said of a body once pat in motion 1 64. What is velocity 7 Whev 
l« mouon said to be vnifam 7 when is it said to be aeeeUraUd 7 When rttardtd 
Wb«a la motion said to b« uniformly accdwraUd or r*t«rd*d 7 
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increase ; or retarded, as when the spaces passed over in 
equal times diminish. When this increase or diminution 
is constant, the velocity is said to be uniformly accele- 
rated .or retarded* 

65.1 In every case the velocity with which a body will 
move, other things being equal, (will depend upon the 
force exerted^ and if several bodies of different weights 
are acted upon by forces proportioned to their several 
weights, they will have the same (30) velocity. If two 
bodies of different weights are acted upon by equal forces 
they will have velocities in the inverse ratio of their 
weights. Thus, if a body. A, weighing 5 pounds, and 
another, B, weighing 8 pounds, are propelled by equal 
forces, then will the velocity of A be to that of B as 8 
to b,r 

56. Every force must always act equally in opposite 
directions."^ If .a person press against the table with his 
hand, the table opposes a precisely equal resistance to his 
hand. A horse drawing a load forward is pulled back- 
ward by the load with an equal force. A bird flying in 
the air strikes it with its wings, and the reaction of the 
air is sufficient to sustain the weight of its body. In 
firing a rifle the explosion of the powder, which gives the 
ball Its velocit}', also causes the recoil of the piece ; and 
if it were no heavier than the ball, and were not held in 
its place by some special contrivance, it would take the 
same velocity as the ball, but would move in the opposite 
direction. 

If two boats of similar weight and form were on a 
smooth lake, and a man in one should pull upon a rope 
held by a person in the other, both would have to make 
the same exertion, and both boats would move with 
equal velocity ; but if one of the boats had been anchored, 
and therefore remained at rest, the man in it holding the 
rope would have been obliged to make the same exertion. 



QuBSTioN 65. upon what will velocity depend 1 66. Must a force always act in 
opposite directions 1 When a person presses with his hand upon a table, what oppos- 
ing force is there 1 How is a bird supported in the air 1 Why does a cannon or rifle 
recoil when fired % If the piece were no heavier than the ball, and unconfined, what 
would be the effect 1 How is this principle illustrated by fwo boats on a smooth lak« 
pullsd together by persons in them by a rope 1 
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Suspended BaJU. 



bl. This principle of motion or force is sometimes ex- 
pressed by saying that action and reaction are always 
equal, and in opposite directions. 

58. To illustrate more fully what is meant by action 
and reaction, two or . more bails suspended by cords an- 
swer well. 

Let A and B in the figure be 
two equal balls of ivory suspend- 
ed in such a manner as to swing 
freely. As they hang side by side, 
let one of them, as A, be drawn 
carefully aside to the left, a few 
inches, and then let fall against 
the other, B ; it will instantly 
come to a state of rest, but by 
its action upon B this latter will 
be made to move as far to the 
right as Ahad been carried to the 
left. That is, a certain quantity 
of motion was given to A, which it imparted to B, but 
at the same time its own motion was lost ; by the action 
of A upon B, B was put in motion, and at the same time 
the motion of A was destroyed by the reaction of B. 

59. If several ivory balls are used, the same point may 
be illustrated in a still more striking manner. 

Let ABODE 
y I F G be several balls 

of ivory, accurately 
suspended from a 
support, L M, by 
cords, so that their 
centres may all be 
in the same straight 
line. If now we 
remove one of the 
extreme balls, as G, 
a little distance to 



i — TX 



o 



\ 



OiOCXXDO 

]> £ ir G 



D 



A, -B C 



Ifwry BaiU, 



QirssTXOH 67. How !■ this prineiple of motion or force ■ometimM expressed 1 68 
PMoribe the experiment with the two trory haUs 1 69. Describe the experiment with 
wvMmlteUal 
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the right, as G', and let it fall against F, this ball will no' 
be moved perceptibly, but the^ction will be transmitted 
from ball to ball, until the one at the other extreme will 
start up to A' ; and by its return it will act on the balls 
as before, throwing on G as far, or nearly as far, as it 
was carried at first. 

If in this experiment two of the balls be carried to one 
side, and let fall against the others, the two at the oppo- 
site extreme will be thrown off; and so of any othei 
number. 

60. In the above cases we have supposed the balls to 
be made of some elastic substance, as ivory ; but if the 

balls be inelastic, the result will be 
different. 

Let the two balls A and B, in 
the figure, be made of lead or soft 
putty, and suspended as before de- 
scribed. If now one of them, as B, 
be raised a little and let fall against 
A, both balls will move on tt^ethei 
to the left, as to A' E', which will be 
' about one half as far as A was pre- 
viously carried to the right. 

In this case the action and reac- 
tion are still equal, but B loses by its collision with A 
only half its motion, both, after contact, moving with half 
of B's previous velocity. 

61. Reflected Motion. — Motion is sometimes reflected ; 
that is, a moving body strikes another that is fixed, and 
is thrown back or rebounds in an opposite direction. If 
an elastic body, as a ball, strikes a plane surface perpen^ 
dlcularly, it rebounds perpendicularly ; that is, it is thrown 
back in the same path it first took ; but if it strikes the 
plane obliquely, it rebounds with an equal obliquity, bu. 
in an opposite direction. 

The law is as follows: Let BE be a plane surface, 
against which an elastic ball. A, is supposed to move in 
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R^fUeUd Motion, 



the direction A C, striking it at 
C ; it will then rebound in the 
direction of C F with the same 
velocity as before. If now at 
the point C we make C G per- 
pendicular to B E, it will be 
found that the angle A C 6, 
called the angle of incidence, is 
exactly equal to the angle GC F * 
called Uie angle of reflection. 

62. Compound Motion. — Compound motion is the mo« 
tion which results from the simultaneous action of two or 
more forces. 4 

63. If a body be struck by two equal forces in the same 
direction, »it will move with twice the velocity' either 
alone would give it ; but if it be struck by two equal 
forces in opposite directions it. will remain at rest./ If in 
the last case the two forces be unequal, the body will 
move in the direction of the stronger force, and with a 
velocity proportioned to its excess over the smaller 
force. 

If the forces act in directions at any angle with each 
other, then the bodv will move in a direction which will 
be between those of the forces acting upon it. 

Thus, let A be a body acted 
on at the same instant by two 
equal forces at right angles to each 

1-. r other, one of which would cause it 

\c to move to C in the time the other 

Nv would cause it to move to E ; in- 

^ stead of taking either of these 

courses, it will move through the 
dotted line to G. To show more 
particularly that this would be the 
case, let us suppose that from B to C is east, and from D 
to E is south ; the effect of the force B alone then would 




GMRpomuf Motion, 



QiffMBtjov 62. What fsjcompound motion 1 63. If a body be strack by two equal 
fbrecfl in the nine direetifbf what will be the effect 1 If it be acted on at the same In- 
tujut t7 two eqnal fore ea at right angles, wh^t will be ita direction 1 What ia the ra 
9ttUo9t t If tb« fbreetj^are unequal, how may the reauUaat be found 1 
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be to drive the body east a given distance, as from A to 
C, in a second ; and the effect of the force D alone, to 
drive it the same distance south, as from A to E, in that 
time. Now, it is evident that neither of these forces 
would in any degree counteract the effect of the other ; 
and I if both act at the same time,# the body must move 
with the same velocity both east and south ; that is, it 
must move through the diagonal A 6, which is called the 
resultant of the two forces. Evidently it is the diagonal 
of a square. The body at the end of the second will be 
in the same place as ii the forces had acted successively, 
causing the body to move first to C or E, and then to G. 
When the two forces are unequal, the direction the 
moving body will take may be readily determined. 

Let A be a body acted upon by 
two forces in the direction of A B 
and A C. Suppose that the force 
acting in the direction of A B is 
equal to three, and that in the direc* 
tion of A C to two. Make the line 
ibrees ujuquai, A B cqual to three, and A D equal to 

two, and parallel to these draw the 
lines D E and B E ; then join A E, and this line will be 
the path taken by the body A. It is therefore the result- 
ant of the forces A B and A D. 

/ 64. If the forced act at some other angle than a right 
angle, their resultant may be found in a similar manner. 
If there be more than two forces, the resultant of two of 
them may be first found, and then the resultant of this as 
a separate force, and a third force, and so on with all the 
forces. 

In the accompanying figures the mode to be pursued 
to complete the parallelogram, and determine the result- 
ant in case the forces act either at an acute or an obtuse 
angle, will readily be seen. 




QirisTioN 64. May the resultant be found in a similar manner when the forces do 
not act at right anffles to each other 1 How may the resun.xnt be found when there 
are more than two forces actins together 1 Do instances actually occur in which two 
or more forces act together 1 If a man should attempt to crdss a river, the current of 
which ran south, in what direction would he move by proMlltaig his boat directly firom 
east to west 1 In what direction must be sha^e bis coorselin order to pass <urecUy 
across the river t 
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In both figures the lines A B and A C are supposed to 
represent the forces, and A R the resultant. 

These cases are not merely theoretical ; they are every 
day actually occurring. As an instance of two forces 
acting at nght angles, suppose a boatman rowing his 
canoe across a stream. He attempts to put his boat di- 
rectly across, but the current sets him downward ; and 
before he reaches the opposite bank he finds he is far be- 
low the point from which he started. If the stream ran 
south, and he attempted to cross from the east to the 
west side, supposing the force exerted by the boatman 
precisely equal to that of the current, it would be found 
on examination that he had proceeded exactly in a south- 
west direction. This would be the exact resultant of the 
two forces by which the boat would be moved. In order 
that the boat might proceed directly across the river from 
east to west, it would be necessary for the boatman to 
propel his boat constantly in the direction of north-west, 
and with a force greater that that exerted by the current. 

A steam vessel, whose paddles tend to propel her north- 
wardy whilst the wind blows her to the eastward, and 
the tide is running in a third direction, is an instance of 
the action of these forces. The vessel will take a course 
which will be the true resultant of the acting forces. 

65. The combination of several motions sometime 
produces results that at first appear a little singular. A 
person riding rapidly in the open air feels the drops of 
rain strike him in the face, although the drops may be 

QvssTioN 65! Why does a person riding rapidly in tlie rain feel the drops strilce him 
hi the fiiee when they are falling perpendicularly ? How will the drops appear to him to 
be falling 1 Suppose a person standing by the |M* of a railroad wishes to throw s 
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falling perpendicularly; and the drops will appear to him 
as though they came, not perpendicularly downward, but 
considerably inclined towards him. A person attempting 
to throw a ball to another passing rapidly in a railroad 
car, would throw it, not directly at him, but at a point on 
the road considerably in advance of the cai" at the time ; 
and though thrown directly toward the line of the track 
on which the car is moving, to the person in the car it 
will appear to come from a point considerably in advance 
of him, and at d,n angle considerably inclined from a per- 
pendicular to the line of the road. 

A heavy body let fall from the mast-head of a ship in 
full sail will appear to fall precisely as it would if the 
ship was at rest, and will strike the deck at the .same 
distance from the mast ; for, having the same motion as 
the ship at the beginning of its descent, it will appear, all 
the time it is falling, at the same distance from the mast, 
though the line of its descent is in reality a curve. 

66. Curvilinear Motion. — ^Curvilinear motion is always 
the result of two or more forces, generally but two. 
These are called the centripetal and the centrifugal 
forces. By the former, the. body is drawn toward the 
centre ; by the latter, it tends to fly from the centre in a 
straight line, which is a tangent to the circumference of 
the curve in which the body moves. 

67. If a ball of some heavy substance is fixed to a 
cord, and made to revolve rapidly by holding the other 
end of the cord in the hand, while' it is revolving, its ten- 
dency to fly off is plainly felt in its pulline, so to speak, 
on the cord ; and if now the cord should be broken, it will 
fly off in a straight line. In this case the cord may rep- 
resent the centripetal force, and the force by which the 
ball tends to break the cord, the centrifugal force. In 
the figure, let A be some heavy body revolving around 
the centre S, in the circumference ABE; if, while it is 

ball to anoither person passing in a car on the road, how would he throw it t Will a 
heavy body failing from the mast-head of a ship when sailing strike the deck at the 
same distance from the mast as it would if the uiip were not in motion 1 How is this 
(act explained 1 66. How manv forces are necessarr to produce curvilinear motion 7 
Which way does the eentripetat force tend to move the body 1 67. If a heavy body i« 
whirled rapidly round by means of a cord, what will represent the centripetal, and 
what the o«ntrtftifal force t If the cord sbouU^be cut as the body la rerolvinf, in what 
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in rapid motion, just as it ar- 
rives at the point A, the cord 
C is suddenly cut with a sharp 
knife, it will at once fly off 
by its centrifugal force in the 
straight line A F, which is 
called a tangent (66) to the 
circle. If the cord was cut 
when it was at the point B, 
it would take the direction 
B 6, which is also a tangent 
at the point B. So, if the 
cord was out when the re- 
volving body was at any other point, the body would fly 
off in a straight line, which would be a tangent to the 
circle at that point. 

Boys take advantage of this force in throwing stones 
with a slin^. The shng is so constructed that the stone 
is first made to revolve rapidly, so as to give it a ^eat 
centrifugal force, and then is suddenly let go, by which a 
great velocity is communicated to it. 

Drops of water flying from a wheel that is turning 
rapidly furnish another instance of the operation of the 
same force. Grindstones, and even^trong iron wheels, 
have been broken in pieces in this manner, simply by 
causing them to revolve so rapidly that the centrifugal 
force of their outer parts becomes so great as to tear them 
asunder. 

The same principle explains the well-known fact that 
a bucket of water may be swung over the head, so as to 
turn the top downward without spilling the water ; the 
centrifugal force of the water, when whirled rapidly, be- 
comes sufficient to overcome entirely its gravitation. 

68. When an equestrian is riding in a circle, both 
horse and rider are seen to incline considerably inward ; 



direction will it move 1 How do boji, in throwing stones with a sling, take adTantage 
of the centrifugal force 1 Why does water fly off from the rim of a wheel when itls 
made to rerolve rapidly 1 la there any danger in making grindstones revolve with 
great velocity 7 When a bucket of water is swung over the head, why does not the 
water &11 out ac the backet passes bottom upward over the head 1 68. Why does a 
boFse, when running in a circle, Incline inward 1 Why is a carrlsge in rapid motion 
fn dUffsr of befaig overturned in passing a corner 1 
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this is to counteract the cen- 
trifugal force of their bodies, 
which often becomes very 
^eat, especially if the circle 
IS small, and their motion 
rapid. But carriages, not 
having this power to make 
, compensation for the dis- 
turbing force thus called into 
existence, are often overturned when an attempt is made, 
as in turning a comer, to change suddenly the direction 
of their motion. They will of course always fall out- 
ward, or from the comer around which they are turning. 

69. We have magnificent examples of the exact bal- 
ancing of these twoTorce^n the continued revolution of 
the various bodies of the solar system\ The earth and 
planets are constantly moving round the sun as a centre ; 
some of these also at the same time serving as centres 
around which other smaller bodies revolve, called satel- 
lites or moons. At every point in their orbits these 
bodies tend to rush off into mnnite space in straight lines, 
as above described (67,) but are constantly held in 
by the attraction of the central body. 

70. CThe /orm of Jfie earth itself presents a remarkable 
instance of the effects of the centrifugal force producied 
by its rotation on its own axis.'^ Tne motion of the 
earth's surface at the equator by Its rotation on its axis, 
is^about sixteen and a naif miles a minute, \by which a 
tendency is produced in the parts about it to fly off into 
space, like drops of water from a revolving wheel ; but 
this result is prevented by the strong attraction of the 
mass of the earth acting from the centre, which consti- 
tutes the centripetal force of the parts. Still the effect 
of the centrifugal force is seen in the enlargement of the 
earth at the equator, the equatorial diameter being sev- 
eral miles greater than the polar diameter. 

QniTian G9. Wberc mijbi IbaDd mafniflcntt cnraplH of Itic eiul baluKlu of 
lh*ctBlripM«l«rilc™tri(ug»LrorcMl 70. I» Uw/orm of lt« »nli «ff«!Ied by to «»■ 

in • mlniiMbTlu routloD on ii> ulal How li ihli modlBoUlaD or tb* Ibm of Uia 
■d bj uptrimolt 
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This alteration of the figure of the 
earth is. easily illustrated by the ap- 
paratus represented in the figure/ On 
a perpendicular axis, A D B, are 
two thin brass hoops, which are 
fixed to the axis at A, but are loose 
at B. Now, when these hoops are 
made to turn rapidly by means of 
the handle C, they become flattened 
in the direction of A B by the part 
Centrifugal F^ at B rising, and enlarged in the oppo- 

site direction EF.^ This is occa- 
sioned by the centrifugal force of the parts at E and F/« 




LAW OF FALLING BODIBI. 



71. Motion of Falling Bodies ctccelerated, — The fall of 
bodies to the earth, when unsupported,ns an effect of the 
earth's attraction, or gravitatiod^ This motion of bodies, 
as every op« has noticed j^is not uniforn^; it increases rap- 
idly as the body descends/^f a lead bullet is dropped from 
the hand it may be caught again if the effort is made 
instantly, as its motion is at first slow ; but its velocity 
soon increases so as to carry it beyond the reach ; ana 
if the hand could be extended to it after it has fallen a 
few seconds, it would be dangerous to seize it, as, in con- 
sequence of the ball's great velocity, the hand would 
probably be injured. The fall of bodies, making no al- 
lowance for the resistance of the air, is an instance of 

f uniformly accelerated motiori^54.) 

Vw 72. To prepare for the discussion of this subject, let us 
suppose that four men, with clubs in their hands, are 

/standing in a row on smooth ]ce;)and at such a distance 
TTom each other, that if the first strikes a ball lying on 
the ice before him, after it has been moving a second, the 



QmssTioN 71. Why 40 bodies, when tinsapported, fall toward the earth t Is the 
motion of a &Uiiurbodr uniform } What kind of motion ia the fall of a heavy body 
an Instance ofTTSi fiTow are the four men on the ice supposed to be arranged 1 How 
iar is (be ball supposed to move the first second by the impulse given it by the first 
man 1 How far will it move the next second 1 How far the third, and how fkc the 
fourth second t 

5 
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second man may give it a blow precisely equal to that of 
the first, and in the same direction ; and at the end of 
another second, the third may strike it a thirc^ blow just 
equal also to the first, and in the same direction ; and at 
the end of the third second, the fourth man may strike it 
in like manner. We will suppose that the ball suffers. no 
resistance from the air or from friction on the ice ; and 
therefore, when- an impulse is given to it, it moves on 
with uniform velocity, and that the blow given it by 
each man would cause it to move sixteen feet in a se- 
cond.^ The first man standing at A would give it an im- 

pulse that would carry it sixteen feet to B, the first sec- 
ond; if it should receive no impulse from the second 
man B, it would move on just sixteen feet the next sec- 
ond ; but, receiving an additional impulse from B equal 
to that received from A, it will, during the second sec- 
ond, move twice sixteen or thirly-two feet to C. On 
arriving at C, its velocity already acquired from the im- 
pulses of A and B would cause it to move thirty-two feet 
during the third second ; but, receiving a third impulse 
from C equal to each of the two others, it would, during this 
second, move three times sixteen or forty-eight feet to D. 
So, during the fourth second, by . receiving the impulse 
of D, it would move four times sixteen or sixty-four feet 
to E. 

73^ Now the circumstances attending the fall of bodies 
are similar to the above, but with this essential differ- 
ence, that the force which puts them in motion, instead 
of acting by successive impulses, /acts constantly. ^ Let 
us proceed to inquire what difference this will produce 
in the results. 

Question 73. Doea gravity aet by successive impalses? As gravitation acts coo* 
stantly, communicating at each instant the same velocity, if, at the end of any given 
time, as a second, it should cease, how much further wouid the body &11 the next sec- 
ond merely by its acquired velocity, than it fell the first secoiid 1 But as gravitation 
would really act during this second as well as the first, how much motion would this 
add to that acquired during the first second 1 Altogether, then, how &r should the 
body fall during the second seoond 1 How far would it fall during the first two 
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As the force which acts the first instant to put the 
body in motion continues to act at each successive in- 
stant with the same uniform intensity, and of course com- 
municates at each instant the same velocity, it is evident 
that if, at the end of any given portion of time, as a sec- 
ond, this force (gravitation) should cease to act, the ve- 
locity already acquired would alone carry it during the 
next second through 'it(;ice the space it moved through 
during the first second. \ But as the force realljr acts dur- 
ing the second second, as well as the firsU it will add 
the same amount to its motion as it gave it ^during the 
first second*^ altogether, then,\during the second second, 
it will fall through three times the space it did during the 
first. ^ ^uring the two seconds from the beginning of the 
motiony the body will fall through four times the distance 
it fell the first secondv 

^ 74. So, the velocity acquired at the end of the second 
second will (if gravitation should cease to act) carry it 
twice as far during the next two seconds as it passed the 
first two ; that is, its acquired velocity will cause it to 
traverse, during the third and fourth seconds, twice the 
space it traversed during the first two seconds, or eight 
times the distance it traversed the first second alone. 
Half of this distance, or(four times the space passed the 
first second, of course, it will pass through the third sec- 
ond by its acquired velocity) but, to find the whole dis- 
tance it will really traverse the third second, we must 
consider gravity as acting and communicating the same 
amount to its motion as during the first second. The 
whole space passed over during the third second will 
therefore be just(^five times that passed over during the 
first. *^ In the same manner it might be shown that during 
the fourth second the body will fall seven times as far as 
it did the first, and during the fifth second nine times as 
far, and so on, the spaces passed each second from the 
beginning of the motion being as the odd numbers 1, 3, 
5, 7, 9, 11, &c. 

diTBSTiON 74. How far will the body fall by its acquired velocity darin; tiie third 
•eeond ? How &r will it &U daring the third second by its velocity nreviouily ac- 
quired, and by the action of gravity talcen together? How far will it mil the fourth 
second 1 How fa the fifth, and how fiur the sucth second 1 
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75. This may be illustrated, to KOti..i ad- 
vantage, in the following manner. When a 
body moves uniformly, we determine the 
distance it traverses in a given time, as five 
seconds, by multiplying the time by its velo- 
city. Thus, if a body moves twenty feet a 
second, it will in five seconds traverse five 
times twenty, or one hundred feet. That is 
to say, the line through which the moving 
body has passed contains 100 of the units of 
length which we call feet. 

Now we find the area of a rectangle by 
multijplying together any two adjacent sides, that is, the 
length "by the breadth. In the figure in the margin, let 
ABbe 5 feet, and AC 20; then will the area A B C D be 
equal (20x6 — 100) to 100 square feet. That ia, there 
are in this surface 100 of the units of surface. Now, c^- 
though there is no natural resemblance between a line 
and a surface, yet there does exist the same numerical 
relation between the velocity, time of motion of a moving 
body, and units of length passed over, as exist between 
the two adjacent sides of a rectangle and the units of 
surface contained in its area. Fornumerical calculations 
therefore, these three latter things 
respectively may be taken to repre- 
sent the three former. 

76. In the above case (72) of the 
four men upon the ice, let A B rep- 
resent the velocity communicated 
to the ball by the first man, and A C 
the time (one second) of its motion 
before receiving its second impulse; 
ihen will the surface A C D B repre- 
sent the space (sixteen feet) trav- 
ersed in this time. The acquired 
siiKtaiiTi tmpuua. Velocity would now of itself causo 
it to move through a space equal t/> 

QuBSTIOir 7e. Wh«a ■ bodj mom uniformly, hsw do we dturmiiia Uu diiUnu U 
wilt traTem In 1 EiTtD llmsl Haw do ws detsiialae the mr&cc of a rKUngls when 

taf Ibur sueeaariTi InpuliH, wtiU put of Uiifi«ur* (7S) rtpriHOIi tha ipu* llvoiSd 
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that already traversed, which inay be represented by the 
surface C E H D ; but, letting D F represent the velocity 
communicated by the second man, the distance it will move 
during the second second will be represented by the whole 
surface C E G F. So, it will readily be seen, the remain- 
ing parts of the figure will, in like manner, represent the 
spaces passed over during the third and fourth seconds. 

77. But gravitation, as we have seen, acts constantly, 
and not by successive impulses ; and a falUng body, at 
the end of any ^ven time, as a second, will have acquired 
sufficient velocity to jcarry it the next second, if gravity 
ceased to act, twice as far as it fell the first second (73.) 

Now, if we let the Une 
A a, in the accompanying 
fi^re, represent the time 
of falling (one second) of 
a falling body, and a b the 
velocity acquired at the 
end of this time, then, as 
the motion has been uni- 
formly accelerated, will 
the triangle A a 6 repre- 
sent the space passed over 
during the second. If, 
now, gravity should cease 
to act, the velocity would 
be uniform; and, during 
the next second, the space t!raversed may be represented 
by the square acdb, which it will be seen is just equal to 
twice the triangle Aab; but, in reality, dunng this sec- 
ond, gravity, by its continued action, would communicate 
the same motion as it did during the first, and the body 
would traverse the space represented by the figure aceb, 
which is equal to three times the triangle A a 6. 

more during the fira^ second by the first impulsej What part represents the space it 
would pass the next second bv its acquired motion 1 What part represents the whole 

rM it would pass during this second 9 77. 'What part of the figure (77) represents 
space a body will &11 by the force of gravity the first second 1 What part repre* 
sents the space it would pass the next second by its acquired velocity only 1 Whatjpart 
represents the space gravity alone would cause it to pass during this second 'i What 
put represents the space it would pass the second second by its velocity previously 
acqnired, and by the continued action of gravity toff»ther 1 what part represents th« 
space *t would pass the third secoud 1 

5* 
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In the same manner Jt might be shown that, during the 
next or third second, it womd traverse the space repre- 
sented by the surface cfie, which is five times the tri- 
angle Aab; and during the fourth second a space rep- 
resented by the surface fj m i, which is seven times A 
a b, &c. 

78. If we wish to determine the distance the body will 
fall in anv given time from the beginning of the motion, 
we find that during the first second it moves through a 
certain space represented by the triangle Aab; during 
the first two seconds it moves through a space represented 
by the triangle Ace, which is four times Aab; during 
three seconds, through a space represented by the trian- 
gle Afiy which is equal to nine times Aab, &c. The 
spaces passed over in dififerent times from the beginning 
of motion, therefore, are as the squares of the times ; that 
is, in two seconds it will fall twice two, or four times as 
far as it fell the first second; in three seconds, three 
times three, or nine times the distance it fell the first, and 
so on. We have seen above that the spaces passed over 
in successive seconds are as the odd numbers 1, 3, 5, 7, 
&c. ; so the velocities at the close of these successive 
portions of time are as the even numbers 2, 4, 6, 8, &c. 

79. The law of falling bodies, as above developed, may 
be fully demonstrated experimentally by means of At- 
wood's machine, so called from the name of its ingenious 
inventor ; but it is too complex to be here described. 

80. Bodies fall Sixteen Feet the First Second. — It has 
been found by numerous and accurate observations that 
bodies falling freely by the force of gravity pass through 
I6^j feet the first second of time ;*which, however, as it 
IS sufficiently accurate for our purpose, in order to avoid 
the inconvenience of fractions, we will call 16 feet. 

The spaces passed through during the several seconds 
then, will be as follows. The body will fall during — 

QVBBTioN 78. What part of the same fiinire represents the space the body will &It 
during the first two seconds ? During the nrst three seconds 1 During four seconds? 
What is the ratio of the spaces passed over from the beginning of the motion as com« 

Sared with the times') what is the square of a number t 79. What is the design of 
.twood's machine 1 80. How far is it found by experiment a body fiUling freely will 
pioTe the first second 1 How far will it move the next second t How far the thin^ 
IPd how fuf the fourth second t 
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The Ist second 
„ 2d „ 
„ 3d „ 
„ 4th „ 
„ 5th ,, 


. . 1 X 16 s 16 feet. 
. . . . 3 X 16 = 48 „ 
: . . .-Sx 16= 80 „ 
. . . .7 X 16 = 112 „ 
. . . . 9 X 16 = 144 „ &c. 



81. The spaces passed over from the beginning of the 
motion will be as in the following table. The body will 
pass over, daring 

The 1st second . . (1* = 1) x 16 = 16 feet. 
„ 1st two seconds (2« = 4) x 16 = 64 „ 
„ „ three „ . (3« = 9> x 16 = 144 „ 
„ „ four „ . (4« = 16) X 16 = 256 „ &c. 

That is, the spaces passed over, as stated above, (78,) 
are as the squares of the times ; if the body passes over 
16 feet the nrst second, it passes over 2^ or 4 times 16 
feet during the first two seconds, and 3' or 9 times 16 
feet in three seconds. Hence, to find the distance a 
heavy body will fall in a given time, we have the follow- 
ing rule, viz. — Multiply the distance it will fall in one sec- 
ond (16yV feet) by the square of the time in seconds. 

Suppose it was required to determine how far a heavy 
body would fall in 8 seconds. By the above rule, 8x8 
= 64, and 64 x 16tV = 10^9^ feet. 

82. An easy method of determining the depth of a well, 
or the height of a tower, naturally suggests itself here. 
Suppose a person standing at the mouth of a well, the 
depth of which to the surface of the water he wishes to 
ascertain. Having a watch with a second-hand, he finds 
that a lead bullet letii^l strikes the water in just 2 sec- 
onds. Then, by the rule given above, 2x2=4, and 
4 X I67V = 64^ feet, which is the depth required. 

It is evident that some little time would be required 
for the sound of the bullet in striking the water to reach 
the ear ; but it would be so trifling that it may be entirely 
neglected. 



QusflTioN 81. How far will the bodjr fall the first two aeeondal How ftr In three 
MCODda 1 What ia the rule for finding the dietance a heavy body will &U in any giren 
number of aeconda 1 82. How may we readily determine the depth of a well by letting 
fcll a heavy body Into it 1 / -^ 
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83. If a body is projected downward with a given ve- 
locity, the effect of gravitation is to be calculated as 
above, and to this the distance it would traverse by the 
projectile force is to be added. Thus, if a body be pro- 
jected downward with a velocity of 60 feet a second, at 
the end of three seconds it will have fallen by the force 
of gravity 3* or 9 x 16 = 144 feet; and to tnis we are 
to add 150 feet, the distance it is projected, making in all 
294 feet . 

It is required to determine how far a body will fall in 
7 seconds, which is projected downward with a velocity 
of 75 feet per second. 

Answer. It would fall by the action of gravity 78875 
feet, and by the force with which it is projected 625 feet, 
making together ISlSy'^ feet. 

84. Ascent of Bodies. — In the case of bodies projected 
perpendicularly upward, the same law is observed as in 
their descent, except that all the circumstances are re- 
versed (77.) The body starts with its greatest velocity, 
and is gradually retarded by gravity until at length its 
motion is entirely destroyed ; it then commences its return, 
and finally reaches the ground with the same velocity 
with which it was projected. The body would therefore 
occupy the same time in its ascent as in its descent. 

86. Projectiles. — ^It is impossible, under any circumstan- 
ces, to remove a body from the influence of gravity. When 
at rest, the body by this force presses upon the substance 
which supports it ; if the support is removed, it falls with 
a uniformly accelerated velocity, as we have seen ; if it 
is projected perpendicularly upward or downward, the 
action of gravity is to be taken into account, to find its 
real motion, and subtracted or added, as the case may be ; 
and if it be projected in any other direction, this force 
equally exerts its influence. . If a body be projected hori- 
zontally over a horizontal plane, it will strike the surface 

« 

QuBSTzoH 83. If a body is projected perpendicularly downward, how is the distance 
it wiil move in a given time to be determined 1 If a ciod^ is projected downward with 
a velocity of fifty feet per second, how far will it move m three seconds ? 84.. When 
a body is projected perpendicularly upward, how will i; be affected by gravity 1 86. b 
it possible by any meant to remove a. body from the :.ifluence of gravity ? When a 
body to at rest, how is it influenced by thie force 1 Wf.. a body proiected horisontallj 
over a horizontal plane strike the plane in the some rirn^ ms if it fell perpendicularly t 
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lo the same time it would if allowed to fall freely by the 
force of gravity alone. . The only effect of the projection 
has been to cause it to strike at a distance from the place 
to which, but for this, it would have fallen m a straight 
line. This principle is of great importance in the finng 
of cannon ; and it will be seen from what has been said, 
that it is absolutely impossible to fire a ball in a straight 
line except perpendicularly, either upward or downward. 
As soon as it has left the mouth of the cannon it must 
begin to fall, if projected horizontally ; or, if projected 
in a more elevated direction, it is prevented from rising 
as far as it otherwise would, and describes a curve called 
a parabola. 

Thus, if a ball be fired in the 
direction A 6 in the figure, it 
will not pass on in the line 
AEG, but will at once begin 
to fall below it. Let us sup- 
pose the force of the powder 
sufiicient to throw the ball 
from A to E in one second; 
as soon as it left the gun, it 
Prcjtctiu. would begin to fall by the force 

of gravity acting upon it, 
and at the end of the second it 
would be at F instead of E, and the distance E F would 
be found just l^is feet (80,) the distance which a body 
falls by the force of gravity in a second of time. So, at 
the end of tivo seconds, the ball would be found at H in- 
stead of G, where the projectile force alone would have 
carried it ; and the distance G H would be equal to 64^ 
feet, the space a heavy body falls through in two sec- 
onds. The body, therefore, would describe the curved 
lineAHB. 

It is found by experiment that the ball goes furthest 
when the piece is elevated about 45®, or half way be- 
tween a horizontal and a perpendicular linei If the piece 



l>oet the Ml fired horizontaOy from a cannon proceed in a straight line 7 What te the 
conre calko which the ball describes? In what direction must the piece be pointed in 
order thn the ball max proceed the frtateat distance 1 
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is elevated more than this, the ball rises higher, but 
strilces the ground nearer, as at C ; or, if it is elevated 
less than 450, it comes to the ground sooner, as at D, 
though its path is less curved. 

86. Motion down an Inclined Plane, — If a body, instead 
of falling perpendicularly, is made to roll freely down an 
inclined plane, the same laws of acceleration of Tnotion 
prevail with regard to the motion along the plane, but the 
velocity will be less rapid in proportion as the height of 

the plane is less than its length. 
Thus, the motion of a body gliding 
freely down the inclined plane, A 
B, will be uniformly accelerated, 
but its velocity will be to the ve- 
Motiandor^aPiane,'^ locity of a bodv falling Vertically, 

as the height 01 the plane is to its 
ength, that is, as A C is to A B. 

In what has been said of the motion of bodies, it is of 
course to be understood that no allowance has been 
made for the resistance of the atmosphere,* which in some 
cases is very great, and very much modifies the final re- 
sult. The resistance of the atmosphere to a ball of three 
pounds weight, moving with a velocity of 1700 feet a 
second, is computed to be equal to 154 pounds. 

87. Bodies falling from an Indefinite Distance, — ^It is to 
be observed also, that the laws of falling bodies, above, 
developed, apply only to bodies falling within moderate 
distances of the earth's surface. We have, in the above, 
considered the force of gravity as absolutrty uniform, 
which is not true in fact, except within comparatively 
small distances of the surface. We have seen (34) that 
above the earth's surface the force of gravity diminishes 
as the square of the distance from the centre increases ; 
and consequently, 4000 miles above the earth, it is only 



QT7B8TION 86. Is the motion of a body rolling freely down an inclined plane am* 
formly accelerated 1 Wiil it have attained the same velocirv, on reaching the »ot o. 
trie plane, as if it had fallen vertically through the height of the plane 1 Will the time 
of its falling be increased or diminished ? Is any allowance here made for the resist- 
ance of the airl What does the resistance of the air amount to on a ball of three 
pounds weiffht moving 1700 feet a second 1 87. Do these laws of falling bodies apply 
to bodies falling at great distances from the earth's surface 1 How much is the eartVa 
attraction diminished 4000 milen from the surface ? 
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one-fourth as ^eat as at the surface. If, then, vre should 
attempt to csuculate, by our rule, the time a body would 
fall through this distance to the earth, we should not ob- 
tain an accurate result, because in this distance the force 
of gravity is constantly varying. A more complex rule 
is required in this and similar cases, which it would be 
out oi place here to investigate. 

88. As the attraction of the earth diminishes rapidly 
at great distances, there is a limit beyond which the ve- 
locity of a falling body can not increase, however great 
the distance from which it may fall. It has been deter- 
mined by mathematicians that a body falling to the 
earth from the sun or from one of the stars, ii it were 
possible, would not attain on arriving at the earth a velo- 
city of quite seven miles a second ; and more than half 
of this velocity would be communicated to the body 
while passing through the last 1400 miles. 

89. As the attraction between two bodies must always 
be mutual and equal (56,) it is evident that when the 
earth attracts a body, it must itself also be attracted; and 
if the body moves toward the earth, the earth must also 
move toward the other body. As, however, any mass 
which, in its fall, can come under the observation of 
man, must be infinitely small when compared with the 
earth, so the distance through which the earth would be 
moved would be infinitely small compared with the dis- 
tance the body would fall. 

90. The mean distance of the moon from the earth's 
centre is, as we have seen (35,) about 60 times the semi- 
diameter of the earth. This is found by dividing 240,000 
miles, which is the mean distance of the moon, by 4000, 
which is very nearly the earth's semi-diameter or radius. 
Consequently, the earth's attraction at the moon will be 
only js^z^^ ^ great as it is at the surface ; and a body 
during the first second or minute will fall only -^■^■^■^m 
as far as it would in the same time if let fall near the earth. 



QsamwnoiK 86. What ia the greatest Telocity a body can attain in falling firom the 
greatest diatancea to the earth 1 89. Is the earth attracted by falling bodies 1 Why ia 
not. its motion perceptible 1 90. How many times the earth's semi-diameter la the 
noon distant from the earth 1 How is this found ? How great is the earth's attraetton 
«t the distance ef the moon 1 
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91. Now, by the rule above given (81,) it is easily de- 
termined that a body falling unobstructed near the earth 
would in one minute pass through 57,900 feet, and ^tVtt^I^ 
of this is 16tV ^^^^* That is, a bodv at the distance of 
the moon would fall toward the earth just the same dis- 
tance in a minute, as it would fall, if near its surface, in 
a second. 

92. As the moon revolves round the earth in an orbit 
very nearly circular, it is of course acted on by two 
forces, the centripetal and the centrifugal (66 ;) by the 
former of which it is constantly drawn toward the 
earth, while by the latter it tends to fly off into space. If 
either of these was destroyed, it would of course obey 
the other exclusively. 

93. Now, it is not difficult to show that the moon does 
virtually fall toward the earth 16^^ feet every minute ; 
or, in other words, that, if its centrifugal force were de- 
stroyed, it would at once fall toward the earth with a 
velocity that would cause it to pass over this* distance 
the first minute of time. That is, the moon, if left to the 
influence of its centripetal force alone, would approach 
the earth in one minute throush precisely the same space 
that a heavy body would fall by the law of gravitation 
if placed at that distance from the earth. From this it 
of course follows that the moon's centripetal force is 
nothing but the earth's attraction acting upon it as ft 
would upon any other mass of matter placed at the same 
distance. 

Let E, in the marginal figure, be the earth, and M N L 
the moon's orbit. The moon revolves around the earth 
in 27 days, 7 hours, and 43 minutes, or 39,343 minutes, 
and in one minute passes over ^^l?? part of its orbit, or 
about 33 seconds of a degree. Let M N be this arc. By 
the centrifugal force alone, it would, in one minute, de- 
scribe the straight line M O (67,) while, by the centripe- 
etal force alone, it would move from M to P. But 



Question 91. How far will a body fall in a minute near the earth 1 How far in a 
minnte at the distance of the moon 1 90. If the moon's centrifu^ force were da 
fltrof ed, wlwt Woald be the effect upon her 1 93. Doea the moon vtrtuaUtf fiiU toward 
the earth 16 M2tb feet every minute 1 What follows from this 1 What ia the explana* 
tion of the figura t 
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the line M P is cailed the 
versed sine of the arc M 
N, which in this case b 
33^' ; and the versed sine 
of an arc of 33'^ in a cir- 
cle whose radius is ^0, 
000 miles, is found to be 

16tV ^®®t '^^U nearly. 

94. This is substantial- 
ly the celebrated calcula- 
tion of Newton in confir- 
mation of the law of uni- 
versal gravitation, which 
was first suggested by him. 
As he drew near the close 
of it, and perceived the 
result would be as he anticipated, conscious of its mo- 
mentous importance, it is said he was so affected that he 
was unable to proceed, and was obliged to call in an as- 
sistant to complete it. (See Brewster's Life of Newton, 
Harper's Family Library, vol. xxvi. p. 144.) 

'W. Momentum of Bodies. — The force with which a 
moving body strikes another which is at rest is called its 
momentum or moving force, and is found by multiplying 
its weight by its velocity. When the weight of two 
bodies are equal their comparative momenta will be as 
their velocities ; and when the velocities of two bodies 
are equal their momenta will be as their weight. Bodies 
of very different weights may therefore be made to strike 
with equal force ; thus a cannon ball weighing 80 pounds, 
and projected with a velocity of 1600 feet a second, 
would strike the wall of a beseiged city with more force 
than a battering-ram of the ancients, weighing 4000 
pounds, and projected with a velocity of thirty leet per 
second. 

96. The momentum of a body results from its inertia 
(9.) A body once in motion requires the exertion of 






QxTBSTXON 94. What ii mid to hare been the effect upon Newton when first maklnf 
tbis calcalation 1 96. What it the momerUum of a bodv 1 How is the momentum of a 
body found 1 96. From what doea the momentam or a body reaalt t Why doea tha 
eirena rider wait until hia bone attaina hia AiU speed iMfbre he moonta upon hia feet Y . 
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force to bring it to a state of rest ; and the force thus re* 
quired is the reason of its momentum. It is the same as 
was required to give the body its motion at first. The 
circus rider never mounts upon his feet on his horse's 
back until he has acquired his full speed, lest he should 
on starting pass from under him ; so, too, he is always 
careful, before his horse stops, to resume his sitting posi- 
tion, for otherwise, should his horse suddenly stop, the mo- 
mentum of his own body would carry him forward upon 
the ground. 

When large masses, as two trains of cars upon a rail- 
road, come in collision, the effects of their momentum are 
seen in the disastrous results too often produced. 



TBB PBNi>ULUM. 



97. The pendulum consists of a single weight suspended 
by a cord or rod, so as to swing freely. If a rod is used, 
it must be flexible at the upper part, or so suspended as 
to allow it to move freely backward and forward. Often 
the pendulum is supported upon a knife edge which rests 
upon a polished plane surface. 

When a weight so suspended is drawn aside a little 
from its position of rest, and then let fall, by the action 
of gravity (71) it is immediately carried to its first posi- 
tion again; but when it arrives there, it has acquired 
considerable momentum, which, if there was no resistance 
from the air or other cause, would be sufficient to cany 
it as far to the opposite side of the perpendicular. It 
would then return again by the force of gravity to the 
perpendicular, and, by its acquired momentum, to the 
position from which it started, to again commence its 
motion precisely as before, and so on forever. But, in 
reality, a body made to vibrate in this manner soon 
comes to a state of rest, in consequence of the resistance 
of the air and the slight friction occasioned at the point 
of suspension. 

QuBBTioN 97. What is tipendvlum 7 What force cauaea the motion of the pendolnm 1 
Why ahouid the dial ance it awings on each aide of die perpendicalar be equal 1 
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C 

The Pendulum, 



Let C be a ball of some heavy substance suspended by 
a thread. If it be now raised by the hand to B and let 
fall, it will immediately return with a luiformly accele- 
rated motion to C, since the law governing the descent 

of bodies in curved lines is the 
same as if they descend per- 
pendicularly or down an in- 
clined plane (86.) ^As the 
body passes beyond C by its 
momentum, the force of gravity 
will act against its motion with 
precisely the sam# intensity as 
it had before acted in favor of 
it (85 ;) and, making no allow- 
ance for the resistance of the 
air or friction, the body should of course move to A, 
making AC precisely equal to CB.^- From A it will 
return by the force of gravity to C, and the momentum 
thus generated will carry it onward to B. Having 
arrived at B, it will again immediately return to C and 
A as before. 

98. The motion of a pendu- 
lum, from its extreme point B on 
one side, to the opposite side A, 
is termed an oscillation or vibra- 
tion ; and it is a most important 
circumstance that, for pendu- 
lums of the same length, vibra- 
ting in small arch, all the oscil- 
lations are performed in equal 
times. 

99. The duration of an oscil- 
lation does not, therefore, depend 

in the least upon the nature of the substance of which 
the pendulum is made, nor upon the size of the weight 
used. 

100. As the movements of the pendulum depend upon 

Qvmvnov 96. What is meant by an oactftation or mbrationJ 99. Do the times ra- 
qaired for the oscillation depend upon the weight of the pendulum, or the substance it 
la eomposed of 1 100. Will a pendulum vibrate as rapidly at the equator as at the 
polMl What occasions the difference t Why may the attraction of the earth be con- 




77ie Pendtdum, 
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gravity, this instrument ailbrds an excellent mode of de- 
termining the intensity of this force at different places on 
the earth's surface. A pendulum that vibrates 3600 
times an hour at the equator, it is found, would vibrate 
3613 times an hour at the poles, which shows the force 
of gravity to be considerably greater at the latter place. 
This is occadoned by the enlargement of the earth at the 
equator, and flattening at the poles, as already illustrated 
(70,) by which the surface at the poles is brought nearer 
to the centre than the surface at the equator. The in- 
tensity of gravity at the poles is greater than at the equa- 
tor, because the distance to the centre of the earth is less, 
the point frbm which gravity may be supposed to act 
(26.) The action of gravity is, indeed, theaction of the 
whole mass of the earth, but the effect is the same as if 
it was exerted only from the central point. So a pendu- 
lum that performs 3600 oscillations per hour at the sur- 
face of the sea, when taken to the top of a neighboring 
mountain 3x\ miles high, vibrates only 3597 times an 
hour. 

101. The times required for pendulums of different 
lengths to vibrate are as the square roots of their length. 
Thus, at New York, the pendulum which vibrates 
seconds is found to be 39.1 inches in length, while that 
which vibrates h alf s econds is only 9.7 inches long. 
Thus, as 1 : I : : y 39.1 : \/li^. It may easily be deter- 
mined that a pendulum, to perform its oscillations in 2 
seconds, must be 13 feet in length. 

102. A clock is merely a machine propelled usually by 
a weight, for the purpose of continuing the motion of a 

?endulum and registering the i^umber of its oscillations, 
'his last office is performed by the pointers, of which 
there are usually three ; one for seconds, one for minutes, 
and one for hours. Generally the pendulum of a clock is 
made of the proper length to perform its oscillations 

either in a half second or in a second, and the wheel- 

■ I I ^.——^——1 II M ■ I II I -I 1 1. 1. 1 II i— ^»-^ 

■idered as acting only from the centre ) Will the pendalom vibrate most rapidlj at .Ae 
surface of the sea or at the top of a mountain 1 lul. What is the length of a pendiilum 
that vibrates once a second at New York 9 What is the length when it vibrates half 
seconds 1 102. What is a clock? How does a clock show thf number of osciUationa 
the pendohun has made 1 
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work is adapted accordingly. When a seconds pendu- 
lum is used, it makes of course 60 oscillations in a minute, 
3600 in an hour, and 86,400 in 24 hours. A person 
looking at a clock in the afternoon observes that it is 24 
minutes and S^ seconds past 3, which is in reality only 
saying that since 12 o'clock, the point of time at which 
the reckoning it is supposed was commenced, the pendu- 
lum has made 12,275 oscillations or beats. 

103. The motion of a clock is regulated entirely by the 
length of the pendulum ; and usually the weight at its 
lower extremity is sustained^y a screw, by which it may 
be raised or lowered a little at pleasure. 

But we have seen (97,) that the pendulum, if left 
to itself, by reason of the resistance of the air and the 
friction at its point of suspension, will, after a time, come 
to a state of rest. To counteract this tendency, the 
/machinery \^ the clock is so constructed, that, at each 
oscillation, it shall receive a slight impulse from the pro- 
pelling power, by which means its motion is continued 
for any length of time without variation. \ 

104. Any change in the length of the pendulum of a 
clock, therefore, will seriously affect its going. Now 
this change is produced by change of temperature, the 
length being increased in warm weather, and diminished 
in cold weather ; so that the same clock is usually found 
to go faster in winter than in summer. An obvious 
remedy is to move the weight at its extremity a little up 
or down as occasion may require. But to do this accu- 
rately would be extremely inconvenient, not to say im- 
possible, in practice ; and several contrivances have been 
adopted to overcome the difficulty, the most important of 
which is the gridiron pendulum. (This is so constructed 
of rods of difSrent metals, that the expansion or contrac- 
tion of the rods of one metal in one direction, shall be 
counteracted by an equal expansion or contraction of 
the other in the opposite direction^ The two metals used 
may be steel and copper, the latter of which is expanded 
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QfjmBTJov IflS. How it the motion of a clock regulated) 60 w la the pendultml of 1 
clock kept In motion 1 104 Why do clocks generally go fiurter in winter than in aam 
mer 1 what fa the object of the gridiron Dendulnm 1 
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or coDtiacted by a ffvea change of temperature mnoh 
more thao the former. 

In the figure, A B C D is a parallelogram of steel fixed to 
the rod E, while the bars F H and Gl are of copper, and 
inserted firmly in the steel bar CD. The 
weight, W, IS then attached to a wire 
which passes freely through a hole in the 
centre of CD, and is fixed firmly in the 
part F G. Now, suppose the temperature 
to rise, the bars A C and B D would be ez< 
panded, and the length of the pendulum, 
that is, the distance oetween the points £ 
and W, Would be increased ; but ^e same 
. rise of temperature causes an expansion 
also of the copper bars F G and G I, by 
wtiich the weight W will be drawn up, or 
this distance between the points E and 
W will be diminished. Now, as the 
lengths respectively of these bars of copper 
— and steel are made inversely proportional 

to their expansibilities by heat, it follows 
that the length of the pendulum, as a whole, is preserved 
the same through every ordinary change of temperature ; 
that is, the whole amount of the contraction or expansion 
of the steel part of the pendulum is just equal to the 
whole amount of the contraction or expansion of the 
copper part ; and as these changes of length of the two 
parts are in opposite directions, they just balance each 
other, and the length of the whole pendulum, by which 
we. mean the distance from the point of suspension E to 
the weight W, remains unchan^. 

105. The importance of such an arrangement is obvi- 
ous from the fact that a change of temperature of 30'^ 
will cause a variation of about 8 seconds in 34 hours in 
a common clock with an iron pendulum. If the pendu- 
lum is brass or copper, the variation wiU be still greater. 
Sometimes pendulum rods are made of wood, which is 
supposed to be less affected by changes of temperature 
than the metals. 
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106.(^The mechanical powers are simple machines or 
mstruments, with which we are accustomed to raise 
weights and overcome resistances, j ^-They are six in num- 
ber» viz., the Lever, the Wheel ami Axle, the Pulley, the 
Inclined Plane, the Wedge, and the Screw. \ /But as the 
wheel and axle act essentially on the same principle as 
the lever, and the wedse and the screw on the same prin- 
ciple as the inclined plane, many writers are dispos^ to 
reduce the number of the mechanical powers to three» 
viz., the lever, the pulley, and the inclined plane. 

107. All the machines, however complicated, which 
the ingenuity of man has ever invented, are nothing more 
than (^combinations of these simple powers.) Though 
^eat advantage is gained by the use of macmnes, there 
IS no such thing, properly speaking, as the creation of 
power by them, as some have supposed ;[ their design 
seems to be to exchange time for power, as will appear 
more fully hereafter^ 

In the use of any machine, whether simple or complex, 
three things are to be particularly considered. 1st. The 
force or resistance which is to be sustained or overcome, 
which we will call the weight. 2d. The force which is 
used to produce the effect desired, called the power. 
dd. The mode in which, by the action of the machine, 
the power produces the proper tfect upon the weight.^ 

108. The iei;«r.-prhe lever is an inflexible rod of 
metal or other solid substance, capable of moving upon a 
point of support called the fulcrum. ' In what we have to 
9ay of it, no notice will be taken of its own weight. 

I There are three kinds of lever>jOr rather three varie- 
ties of it, depending upon the position of the fulcrum 
with reference* to the power, or force applied to move it, 
and the weight, or resistance to be overcome. 

QvBariON 106. What are the mechanical powers? How many of them are there 1 
Uoea each one of these act on a distinct principle 1 107. Are all machines merely com* 
btnations of those simple powers 1 Do they create power ) Wlut, then^Js their ds- 
•tini 1 What three thlnes are to be considered in the use of machines t 108. What Is 
tttc k9»r f How many Kinds or varieties of the lerer are there 1 
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109. In the Lever of 
. the first kind, the power 

is supposed to be applied 
at one extremity, and 
the weight at the other, 
^' ** with the fulcrum, or 

point of support between 
them,'^as in the accompanying fi^re, where P is the 
power, F the fulcrum, and W the weight. If the fulcrum is 
placed at the centre, it is evident nothing is gained, as 
thelpower and weight must be exactly equal in order 
that th^y may balance each othe^; but when the fulcrum 
divides the lever into two uneiqual arms, having the 
weight upon the shorter, (|hen the power will be to the 
weight as the length of the short arm is to that of the 
long arm. ^ Thus, if in the above figure, the arm F W is 
to F P as 1 to 3, then the power P will be to the weight 
W as 1 to 3. That is, if the length of the longer arm is 3 
times that of the shorter arm, in order to produce an 
equilibrium the weight must be 3 times the power. In 
order that the weight may be raised, it is evident the 
power must be a Rttle increased, so as to exceed one- 
third of the weight. 

When motion is pro- 
duced by means of this 
lever, the extremity of 
each arm moves in the 
circumference of a circle, 
the centre of which is at 
the point of support or 
fulcrump.as is shown in 
the fisur'e; and the arc 
described by each will be 
m proportion to its length. Consequently, to raise the 
weight any distance, as an inch, in the arc W B, suppos- 
ing the longer arm 3 times the length of the shorter, the 

QT7B8TION 109. In the lever of the first kind, how are the power, weight and fulcnim 
■itaated with reject to each other 1 If the fulcnim is in the centre, how must the 
power and weight compare with each other to produce an eqailihriumi What is the 
ratio of the power to the wefght, when the weight is attached to the short arm, and th« 
power to the long arm 1 When motion is produced by means oft lertr, do the ertrei&> 
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f>wer must fall in the arc PAS times as far, or 3 inches, 
his is always found to be the case in the use of machines 
(114;) /"the space .passed over by the power will be to 
that passed over by the weight, as the weight is to the 
poweA / 

11 Or Numerous examples of the us^ of this kind of 
lever will readily occur to evary one. ( The common bal- 
ance, in which the arms are equal, and the steelyards, in 
which they are unequal, the scissors, pincers, dec, are 
instances. , 

In the steelyards, the point on 
which the instrument turns is 
to be considered the fulcrum ; 
and the shorter arm, it will be 
seen, is always the same, being 
the distance from the pivot 
which constitutes the fulcrum, 
to the hook upon which the 
^^^^^f*"^' substance to be weighed is sus- 

pended. On the other arm is 
placed the counterpoise (or power) which is movable; 
and (when a body is to be weighed it is moved backward 
or forward, as the case may require, until an equilibrium 
is produced, a figure at the place showing the weight re- 
quired to produce this efiect,| as determined by previous 
trial. It is evident, that when placed at such a distance 
from the fulcrum, as that the two arms of the lever are 
equal, the counterpoise will balance a weight just 
equal to itself, and placed at twice this distance it will 
balance double its own weight, &c., the weight which it 
will balance always depending entirely upon its distance 
from the fulcruniv 

In the scissors, Ahe intelligent student will readilv deter- 
mine what is to be considered the power, wnat the 
weight, and what the fulcrum. 



ttietof the armi more In straight lines 1 In the use of machines, how does the space 
paned over by the power compsre with that passed over bj the weight 1 110. What 
examples of the lever are mentioned 1 What is the common balance 7 In the common 
sceelyaxttt, whr is the power or counterpoise made so as to lAove from place to place 1 
How is the weight which the coanterpoise balances in a particular case, shown T 
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The Torsion Balance, which is 
now much used, consiata of a steel 
wire bent in the form of a helix, as 
shown separately in the figure, and 
placed in a case, F P, for a support. 
From the upper end of the spiral 
spring a wire passes through the cen- 
tre of the helix, and has a scale-pan 
attached to it below. P P is a plate 
of brass attached to the case contain* 
ing the spring, with a sht in the cen- 
tre through which a point from the 
gpring projects, and indicatee (by 
means of the figures,) the weight of 
any substance placed in the pan:, The 
depression of the spring is proportion- 
al to the weight. 

111. The second hind of lever is 
distinguished by having the power at 
one extremity and the nilcrum at the 
other, with the weight between them. 
In the next figure, which 
represents a lever of the 
second kind, the power is to 
the weight as the distance 
from the fiilcnim F to the 
point X, where the power is 
applied, is to thedistance from 
the fulcrum to the point to which the weight is attached ; 
that is, the power is to the weight as F X is to F P. 

An example of the use of tbs kind of lever, is seen in 
.'the case of two men carrying a burden on a pole be- 
tween them, one of whom may De considered the fulcrum 
and the other the power. It is evident the burden may 
be so suspended between them, that any given portion of 
its weight may fall upon either one of them. As other ex- 




QmiTniir. Dooibe tha Ionian Ixluic*. lit. Howlithe u 
tiDfulalwil 1 What uunplt* of ih« dm of ibla kind of laror i 
nHBtneinT4ii|[**''fh'onapii[«li«twt*Dlh«ni, bow miuti 
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amples of this kind of lever, common nut-crackers, chip 
ping-knives, and treadles to lathes, may be mentionecL/ 

112. /The ifUrd kind of lever is that in which the ful- 
crum il^^t one extremity, and the weight 6r resistance 
at the other, while the power is apptied Sietween them,> 

It is illustrated in the figure 
in the margin, in which F is the 
fulcrum or prop, P the power, 




ay F"* and W the weight as before. C In 
the use of this kind of lever, it 
Ln§r M Kind, y^]]} \^ seen, there must be al- 

ways a loss of powe^; or, in 
other words, \he power must always be greater than the 
weight.) 

A man raising a ladder against the side of a building 
is an instance of the third kind of lever : the ladder 
itself is the weight, and the building against whiclTlts 
foot is placed istne prop or fulcrum, and the man is the 
j)02jer. 

In the use of this lever, it will be observed, th^ weight 
moves throiigh a greater distance than the power, con- 
trary to what takes place when the levers of the first 
and second kind are employed. Thus, the top of the 
ladder which the man is raising, passes over a much 
greater distance than his hands, which are considered 
' the power. If, then, in using the levers of the first two 
kinds, we may be considered as exchanging time or 
velocity for power, in using this kind we male the re- 
verse exchange, and gain time by applying greater 
pojver. 

{The most striking examples of the third kind of lever, 
we are informed by anatomists, are found in the animal 
economy. Most of the limbs of animals are levers of 
this description : the socket of the bone is the fulcrum, 
a strong muscle attached to the bone near the socket is the 
power, and the limb itself, with any body connected with 

Quxanoii 112. What te the third kind of lever 1 in the me of this kind of lerer, 
which moat be createat, the power or the weight 1 le the ol^ect of the lever always to 
CBin power 1 When a man raises a ladder a^nst the side of a buUdinf. what is to be 
considered the pc^wer, weight and fulcrum 1 In the use of this kind of lever, does the 
weight or power move through the greater distance 1 Where do we find the most 
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it, is the weight. The fore-arm, extending from the 
elbow to the wrist, affords an excellent instance, ^he 
arm-bone, which connects with one of the fore-arm 
bones at the elbow, is the fulcrum ; the large muscle 
lyin^ on the fore-side of the arm-bone, is the power ; an^^ 
the hand, with any thing contained in it, is the weight. . 
The hand is raised by the contraction of the muscle, the 
motion of which can readily be felt by placing the left 
hand upon the richt arm above the elbow, and then mak- 
ing an efibrt with the right hand, as if to raise a heavy 
suostance. 

It is evident that, by this arrangement, to raise a 
weight in the hand, the force exerted by the muscle 
must be much greater than if it were applied directly to 
the weight ; but this disadvantage is more than compen- 
sated by other advantages equalTy important. 

It is not essential that the lever 
should always be straight ; it may 
be curved in different directions, 
or even bent at right-angles, and 
the result will be the same. The 
' hammer with which a carpenter 
draws a nail from a piece of wood 
may be considered a lever, the 

u^o^ Naa, ^?f ^f which make a right-angle 

with each other. 
113. Compound Zever.— ^Simple levers are sometimes 

» so combined, that 

• ? .J^ F d»r r^^ ■ ' ^^®' instead of act- 

^A^' ^ A 1^ ing directly on the 

UP f weight, acts on a 
oompmmd Lever. second, and this on 

a third, &c. ; and the 
last exerts the combined effect of the whole on the 
weight. Such a combination of levers is called a com- 
pound lever: 

striking examples of this kind of lever 1 In the fore-arm, what is the power, what the 
weight, and what the fulcnim 1 Bow does the muscle raise the handl In order tp 
raise the hand, most the muscle exert a greater force than If it were applied directly to 
the hand 1 Is it essential that the lever should be straight 1 113. What constitutes the 
tompound lsver7 If three levers are combined in this manner, each having its longar 
arm twice the length of the shorter, what will be the riAio of the power to the weig^ 7 
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In the figure we have a system* of levers of this kind. 
To calculate the ratio of the power to the weight, let us 
suppose that the long arm of each simple lever is just 
twice the length of tne short arm : then P wUl be to P' 
as 1 to2; and JP' to P'' as 2 to 4 ; and P'' to W as 4 to 8. 
Therefore, 1 pound at P will just balance 8 pounds at 
W ; or the power is to the weight as 1 to 8. 

1 14. The Wheel and Axle.— The 
wheel and axle, as already inti- 
mated (106,) is generally con- 
sidered/merely as a modification 
of the lever.) It is represented in 
the subjoined figure, andr^ consists 
of a cylinder. A, termea the axle, 
around which a cord is wound, 
turning on a centre, and con- 
nected with a wheel, Ri The 
resemblance of this mecnanical 
power to the lever, will best be seen bv a side view of 
the wheel, as in the next figure, in which R is the wheel, 
and A one end of the axle, P the power, W the weight, 
and the point of support the fulcrum. . It is evident that 
the radius of the wheel A C becomes the long arm of the 
lever, and the radius of the axle A B the short arm^j 
consequently 008) the power must be to the weight as 
the radius of tne axle is to the radius of the wheel. 

If we suppose the wheel to be 
turned once round, tt is plain that 
the power will fall a distance just 
equal to the circumference of the 
wheel, while the weight will be raised 
.a distance equal to the circumference 
of the axle: But the circumferences 
of circles are to each other as their 
-jrnb irik radii; hence, -"^ the distance passed 

B ■ im ^^^^ ^y ^^® power is as much greater 

HilB than that passed over by the weight 

as the radius of the wheel is greater 
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Qvxsnov 114. What is the wheel and axle luually considered 1 Of what two parts 
does it consist ? What is to be considered the lobg arm of the lerer, and what the short 
•nn 1 What will be the ratio of the power to the weightl If the wheel is Vimed once 

7 
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tha^ the radius of the axle v or, more correctly stated, 
the distance passed over by the power is to the dis- 
tance passed over by the weight, as the radius of the 
wheel'is to the radius of the axle ; that is, as the long 
arm of the lever is to the short arm. j^As a necessu^ 
consequence of this, if we multiply the weight by its 
velocity, or by the distance throu^ which it moves, 
the product will be the sune as if we multiply the 
power by its velocity. That is, the momentum (95) 
of the power will always be just equal to that of the 
weight. Let ua suppose, for instance, that the circum- 
ference of the wheel is 9 feet, and that of the axle 3 feet, 
then the power will be to the weight as 1 to 3 ; if we 
turn the wheel round once, the power will move 9 feet, 
and the weight 9 feet. But 1x9=3x3=9. 

115. The advantage of the wheel and axle over the 
lever, consists in its allowing a longer continued motion 
without cessation. Manifestly it can make no difference 
in the principle upon which this mechanical power acts, 
whether the force is applied directly to the rim of the 
wheel by means of a rope, or whether there are pins in 
the rim to be taken hold of by the handsy as in the 
iirst figure of paragraph 114, or whether the axle is 
turned with a crank or a single movable handspike, as 
we of^n see, in the use of the windlass on board of 
ships. 

Indeed, in every case, it is easy 
to see that the power describes a 
circle as really as when the wheel 
is used. Thus, when a crank is 
used, the hand applied to it re- 
volves in the circle R, and the 
power is to the weight as the 
radius of the axle is to the length 
of the crank. 

The capstan is merely an upright axle with a horizon- 
tal wheel, R, or a crank, which is equivalent to it.^ The ad- 

mmd, how for wlU the wcigbt aad power qiovfl) How much freater Is the dututo* 
pBHSed over b^ the power than thpt poHedoTerbT the weL^d If we muttiplj tbfl 

Kwerbj t[ft TelooUj nod the nelf hi bj In velDcl1j,bow wUTtbe prodaeu compwt 
i. In wbU does tbi advuiUfa of lh« whul md ule orer the lever condM t 





are seen in clocks and 
of machineryA 
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vantage of the capstan orer the 
ordinary wheel and axle^consists 
in its blowing the workman to 
walk around it, as he terms it, to 
move the weight.^ 

116. Wheeb and axles may 
be combined to produce a com- 
pound machine,^^ much in the 
same manner as the system of " 
levers. Examples of the kind 
watches, and in almost all kinds 




Theaccompanyingfigure 
represents a system com- 
posed of three wheels which 
act upon each other by 
means of teeth ; /the teeth 
in the circumference of one 
wheel connecting with 
those in the axle, usually 
called the pinion, of the 
next.\ To estimate the me- 
chanical power of such a 
system, or the ratio of the 
power to Uie weight, "we have only to multiply together 
the namber of teeth in the wheels, and also the number 
in the pinions, and the products thus obtained will them- 
selves express the ratio required! Suppose each of the 
wheels F E G to contain 30 teetn, or to be of sufficient 
diameter to contain this number, and each of the pinions 
CBA only 5; then 30x30x30-27,000, and 5x5x5 = 
125, Consequently, the power P la to the weight W, as 
125 to 27,000 ; or, which is the same thing, as 1 to 216. 
Therefore, 1 pound at P will balance 216 pounds at W, 
Instead of teeth, the wheels are often furnished with 



._^ . JT from the wheel ud ule 1 IIB, How ftra 

Hreral whiela (uxl uln (Dmetlrria combined » u to ui apon neb other 1 How are 
Ihcjr eODiucted T Bow >■ the ratio oflhs pawer to the aelKhc to be calcalUed I If there 
■ratllrMwhHliwilhSa leeth each, win the figure, with pinlone heving esch only S 
'e«<i connecied (ogelher, bow menr pnnndB bI W iriU be required to bulsDce 1 {louud 
V P t Raw la tbii Dumber obtiinod I Are Ihe vheeli >!«■}■ made to act npoa each 



74 



NATURAL PHILOSOPHY. 



(bands, by the friction of which the motion is communi- 
cated from one wheel to the otherTJ In such cases the 
wheels may be placed at considerable distances from 
each other, which is often of great importance. \ 

1 17. The Pullet/. — The mechanical power usually called 
a pulley, consists, in its simplest form, of a wheel having 
a groove in its circumference, so fixed in a block as to 
move freely upon a pivot in its centre, and having a 

cord or rope passing over it. ) It 
will be seen, however, as we pro- 
ceed, /that the use of this wneel 
is only to diminish the friction, 
which, without it, would be so 
great as to render the machine 
quite useless^ 

118. Thefe ara two kinds of 
pulleys— 4he fixed and the mov- 
able.> The marginal Bgure rep- 
resents a fixed pulley ; C the 
wheel, sometimes called the 
sheave, R R the cord, P the 
power, and W the weight. It is very evident that the 
power and weight, to balance each other, must be exactly 
equal ; consequently, no mechanical advantage is gained 
by it. But it is of great importance often in changing 




Fixt4 Pulley. 



the direction of motion>^ 




119. A mere inspection ^f the 
figure is sufiicient to show that 
the only use of the wheel or 
sheave is to diminish the fric- 
tion; for if the cord, S, passed 
over a block of wood, B, as in 
the next figure, in order that the 
power and weight may balance 
each other, they must be equal. 
_But if suflicient power is to be 
applied to raise the weight, there 



QintsTioN 117 What is the pulley 1 What is the use of the wheel 1 118. What two 
kinds of the pulley are there 1 How must the power and weight compare in order to 
balance each other over a single fixed pulley? Why is the fixed pulley still used, if no 
mechanical advantage is gained by it? 119. What would be the effect if the cord waft 
made to pass over a olock of wood instead of a wheel 1 How may a person raia;. uim- 
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would be great loss by reason of the friction of the cord 
upon the wood. The cord and the block would also be 
so rapidly worn away as to render it entirely useless in 
practice. • 

Though no direct mechanical advan- 
tage is ordinarily gained by the use of a 
fixed pulley, yet a man may raise himself 
by means of it by exerting a force equal 
to only half his weight. 

' Thus, let a m^n be seated in a chair 
having one end of a rope attached to it ; 
the other end, after passing round a fixed 
pulley, returning to his hand. If he now 
pulls downward by an amount equal to 
half his weight, he will be supported one- 
half by the direct effort of his hands, and 
the other half by the chair. This is some- 
times founds a very convenient method for 
a person to let himself down into a well, 
and to draw himself out againj^ 

' 120. The next figure represents the 

V . movable pulley. In this, one end of 

^^l.^>^ A, the cord is attached to a fixed support, 

3?A^ A, and to the other end the power is 

applied. /As both parts of the cord 

will have an equal tension, it is evident 

/^K one-half of the weight W will be sus- 

VjVy tained by the hook A, and the other by 

jK the power P ^ hence, the power will be 

-vgfW to the weight as 1 to 2. j Instead of 

I™ pulling upward with the hand, as re- 

MovaNe Puiiaf. presented in the figure, it is usual to 

havelhe cord pass^ over another fixed 

pulley. 

It will now be still more plain, if possible, that the 

only use of the grooved wheel, or pulley, is to diminish 

friction, the peculiar advantage of the power in no 

■elf by means of a fixed pulley 1 What part of his own weight would he have to draw 
up with his hands 1 120. When the fixed pulley is used, oy how many cords is the 
wet^t supported 1 How many support it when a singte moTabln pulley is used ) 
WlMft t»8n IS the ratio of the power to the weight 1 
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respect depending upon its use. li^ in this last case, we 
shcald dispense with it, and substitute a mere block, as 
before, the action of the cord would be precisely the 
same, except in regard to friction. The weight would 
still be supported by the two parts of the cord, and the 
power would be to tne weight m the same ratio as before. 
Should not this mechanical power, therefore, be c^ed 
the cord rather than the pulley ? 

121. In raising a weight by a single movable pulley, 

as just described, it will be seen -the power has to pass 

over twice the space which is traversed by the weight j 

that is, as in the case of the lever (108,) or the wneel 

and axle (U4,) the space passed over by 

the power is to that passed over by the 

weight as the weight is to the power. That 

the power has to pass over twice as much 

rce as the weight, Avill be evident from 
consideration thECt, to raise the weight 
one inch, both cords which support it, or 
rather both parts of the cord, must be 
shortened an inch, which would require the 
hand to move two inches: 

122. Usually, in practice, several pulleys 
are combined, as is shown in the annexed 
figure. Here are two fixed pulleys in the 
block A, and two movable ones in B ; and 
the weight W is sustained by four corda, 
or, which is the same thing, by four parts 
of the same cord. As m parts of the 
cord are equally extended, each of them, 
of course, sustains one-fourth part of the 
weight ; or the power P is to the weight 
W as 1 to 4. In other words, a power of 
'"™'' 1 pound is made to counterpoise a weight 

of 4 pounds. \ 
In this instance it will be perceived, that in order to 
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raise the weight 1 inch, each of the ropes must be 
shortened an inch, which will require the power to move 
through 4 inchest (Which also accords with the maxim, 
that what is gainid in power is lost in time., 

123. There may be more than two fixed arid two mov- 
able pulleys used, but in every case, with a single excep- 
tion shortly to be mentioned, the power will be to the 
weight as (1 to twice the number of movable puUeysJ 
Thus, when only one movable pulley is used, the power 
is to the weight as 1 to 2 ; when there are two movable 
pulleys, they will be to each other as 1 to 4 ; when three 
are used, as 1 to 6, and so on. 

124. There is, indeed, one case, as above intimated, in 
which this rule requires to be slightly modified. (In the 
above figure, it will be seen, the rope is attached to the 
block containing the fixed pulleys at C ; if, instead of this, 
it had been attached to the block containing the mov- 
able pulleys, as at D, then it is plain there would have 
been five ropes to sustain the weight, each of which 
would sustain a fifth ; and the power would be to the 
weight as 1 to twice the number of movable pulleys, plus 
one ; or as 1 to 6. In this case, one more fixed pulley 
would have been required. 

( Instead of having the pulleys placed one above another, 
a» here represented, in practice they are usually placed 
side by side, but the result is the same.^ 

125. Sometimes the cord, or rope,*^ instead of being 
entire, as represented above, is divided into several parts, 
each pulley hanging by a separate string, one end of 
which is attached to a fixed beam. 

By this arrangement, we gain a great increase of power, 
attended by a correspondmg loss of time. We may 
estimate the power gained as follows : First, the power 
P, which we will suppose 1 pound, exerts its force on the 
movable pulley A, over the fixed pulley F, the other end 
of the cord being attached to the beam above. The pulley 

QiTSSTXOM 123. When more than two movable puIleTS are employed, how will the 
power be to the weight 1 If there are eight movable pulleys how many pounds at W 
will 1 poond at P be suffieient to counterpoifie 1 124. what exception to this rule is 
mentioned 1 Is it necessary that the sheaves or wheels in the same block should be 
placed one above another 1 125. How is the action of the system of pulleys in the fol. 




A is therefore drawn upward by 
& force of 2 pounds. But the 
first movable pulley A is connected 
with the second pulley B by the 
cord 2, 2, in the same manner as 
the weight V is with A by the 
cord 1, 1 ; consequently, the pul- 
ley B must be drawn upward by 
a force of 4 pounds. In like man- 
ner it may be shown that the third 
movable pulley C must be drawn 
upward by a force of 8 pounds. 
By this arrangement, therefore, a 
power of 1 pound is made to bal- 
ance a weight of 8 pounds ; or, 
in other words, the power is to the 
weight as 1 to 8. If another pul- 
ley were added, it is evident the weight which the same 
power would sustain would be doubled, or the power 
would be to the weight as 1 to 16. 

In estimating the edect of particular systems of pulleya 
we have left out of the account the weight of the bloclu 
and pujieys themselves, which is sometimes considerable. 
Usually, they operate against the power ; that is, a por- 
tion of the power is required to be expended to counter- 
balance their weight ; but, in some cases, they are made 
to act in favor of the power. 

Such a case is seen in the next figure. One pulley, 
it will be Been, is fixed ; but the weight of the other two 
assists the power F to counterbalance the weight W. 
The figures by the side of the cords show the part sus- 
tained by them ; and the power is to the weight as 1 to 
7. In reality, however, a little more must be added to 
the weight W to counterbalance the two pulleys. 

Other modes of using the pulley are not here discussed, 
nor the various methods that have been adopted to 
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obviate particular difficulties. In 
every system of pulleys, the same pro- 
portion, so often noticed, between the 
space passed over by the power and 
that passed over by the weight, will 
be observed (122 ;) if, as in the above 
case, the weight is 8 times the power, 
then the power will move 8 times as 
far as the weight, and of course its 
vdocity will be 8 times that of the 
weight. ( In practice, a system of pul- 
leys is usually called a tackle.) 
. 126. The Inclined Plane.— The in- 
clined plane, as its name importsi is 
a plane inclined more or less to the 
horizon \ and the mechanical advan- 
tage gained by its use^will always be 
in proportion as its length is greater 
than its perpendicular height."^ 

In the inclined plane, 
B C, let us suppose that 
B C is five times A C : 
then, in order to pro- 
duce an equilibrium, the 
weight W must be five 
times the power P, the 
cord connecting them 
being supposed to pass 
over the fixed pulley, F. To understand how this effect 
is produced, the weight W may be supposed to be divided 
into two parts, one of which, equal to four-fifths of it, is 
supportea directly by the plane itself^ while the other 
part, equal to one-fifth, tends to carry it down the plane, 
and is supported by the power P. If the weight is drawn 
up from 6 to C, it is evident the power r must pass 
through five times the perpendicular distance the weight 
W does. For, suppose the weight to be at B, and the 
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duBsnoN 136. What is the inclined plane 7 In what proportion will he the advan- 
ti«e gained by it 1 If the length of the plane is five timea its height, what will be the 
ratio of the power to the weight 1 If the power euBtainsbat one-fifth of the weight 
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power at P, the cord extending from P to W ; aa the 
weight W ascends from B to C, rising perpendicularly ttie 
distance AC, F must descend a distance equal to BC, 
which is 5 times A C. Therefore, though it requires only 
one-fifth as much force to raise the body up the inclined 
plane that would be necessary to raise it perpendicularly, 
yet it has to move five times as far.tana with the same 
velocity it of course would require ^ve times as much 
time. The same principle just discussed (ISl,) will again 
be here noticed. 

The velocity a body will acquire in falling down an 
inclined plane, (making no allowance for friction,) is the 
same as it would acquire in falling freely through aa 
equal perpendicular height. That is, a body falling from 
C to B, down the inclined plane, will attain precisely the 
same velocity as if it fell perpendicularly from C to A. 




137. The Wedo;e. — The wedge is composed of two in 
clined planes, united at their bases, as A and B in the 
figure. It is little used except in cases' where a great 
force is to be exerted only at very smaU oistances.^ The 
advantage gained by it is generally considered to be in 
proportion ^ its length as compared with half its thick- 
ness:. In practice, too, it allows percussion to be used, 
instead of simple pressure, by which the effect is greatly 
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Increased ; but its power can not be very accurately 
calculated.\ 

The wedge is much used in spUtting wood and othei 
substances ; and, indeed, several of our domestic instru- 
ments are modifications of it, as the knife, chisel, axe, dec. 
Needles and pins may also be considered as very 
acute wedges. 

128. The Screw, — The screw is al- 
ways composed of two parts^ the exter- 
nal and the internal screw/ The exter- 
nal screi^consists of a cylinder with a 
spiral protuberance winding round it, 
called the threadA It is well represented 
by taking a cylinV AB, and winding 
round it a piece of paper cut in the form 
of a right-angled triangle. The hypoth- 
enuse of the triangle will form the thread, 
which differs in nothing from the in- 
clined plane except its spiral form. 

129. (The internal screw is 
sometimes called the nut, and con- 
sists of a block with a cylindrical 
hole, having the thread or spiral 
protuberance so cut inside, that 
the thread of the external screw 
will exactly fit between them. In 
the annexed figure, S represents 
the external screw, and N the in- 
ternal screw or nut. 

The thread of the screw may 
be cut square, as in A, (see ^next 

Eage,) or wedge-shaped, as in B; 
ut it is more frequently seen 
of the latter form especially when 
made of wood. 
130. In using the screw as a mechanical power, two mo- 
tions are necessarily produced; one of the parts must be 

QvBflTioii 128. Of what two parts is the screw composed 1 What does the external 
screw consist of? How may ft be represented % 129. What does the internal screw 
consist of, and what is it called 7 In wnat two forms is the thread of the screw cut 1 
130. When tke screw Is used, what two motions are produced 1 How &r wiU th« 
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made to revolve on its axis^ 
and one or the other must at 
the same time advance in the 
direction of the length of the 
cylinder on which the exter- 
nal screw is cutN In the above 
figure, the ext^nal screw is 
supposed to be turned by 
means of the handle L ; and 
it is plain that it must at the same time advance either 
upward or downward according to the direction in 
which it is turned. But this arrangement is not essen- 
tial ; the parts may be so formed that either one may 
revolve and either one advance, but not both at the 
same time. vWhichever part is made to revolve; a single 
revolution will always cause an advance just equal to 
the distance between the threads^ These two motions 
of the screw may be well illustrated\by grasping firmly 
the thread of a small screw between the thumb and 
finger of the left hand, and turning it at the same time 
by the right hand applied to the head. As it is turned, 
it at the same time passes through between the thumb 
and finger in the direction of its length. Here both 
motions are communicated to the external screw, but 
this is, not necessary ; if the head of the screw, as it 
is termed, is held against some fixed body, the thumb and 
finger, which constitute the nut, will move in the direc- 
tion of the length of the screw. 

131. If the screw were used in this simple form with- 
out a lever, khe advantage gained by it would be in pro- 
portion as the distance round it is greater than the dis- 
tance between the threads, the former of which may be 
considered the length of the inclined plane, and the latter 
its heights (128.) But the screw is seldom if ever used 
without a lever to turn it, by which its power is. greatly 
increased. To the end of this lever the power is applied, 
and the circumference of the circle described by it is 
thus to be considered the length of the plane. 

Bcrew adyance by a «lngle revolution 1 How may these two motions x>f the screw be 
illustrated 1 131. If the screw were used without a lever, in what proportion would 
be the advantage gained 1 When the lever is used to turn the screw, in wnat proportioD 
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To estimate the mechanical advantage of the screw, 
therefore, we have the following rule, viz. : <As the dis- 
tance between any two adjacent threads is to the circwn- 
ference of the cirde described by the power, so is the power 
to the weight.'\ 

Let ua sui^pose it is required to calculate the power of 
a screw, the threads of which are ^ of an inch apart, and 
the lever with which it is turned is 3^ feet long, and of 
course describes a circle, when the screw is turned, 22 
feet in circumference. The power fll4) must be to the 
weight as the distance between the tnresids (^ inch) is to 
the circumference of the circle described by the lever, 
(33 feet.) We have then the following proportion : — 

As i inch : 33 feet = 264 inches : : 1 : 1056 ; by 
which it appears that a force equal to 1 pound appli«l to 
the lever will balance a pressure of 1056 pounds upon the 
screw. But it is to be observed that in the use of the 
screw, the loss from friction is so great, that its power 
can not be calculated with any considerable accuracy. 
lS2.-/Sometimes the 
threads of a screw are* 
made to act upon the teeth 
of a wheel so as to turn it, 
as represented in the figure. 
It is then called a perpetual 
screw. It will be seen that 
at every turn of the handle 
the wheel is carried for- 
ward one tooth, or the dis< 
tance between the threads 
of the screw. -. 

.The screw is used in al- 
most an endless variety chT 
operations in practical me- 
chanics, but chiefly in cases 
where a great pressure is 
to be exerted through small distances. ' 
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133. Friction, — In the preceding investigations, no 
allowance has been made for friction, as the object has 
been merely to calculate the ratio of the power to the 
weight when in a state of equilibrium ; but, if the 
weight is to be raised, friction must necessarily be pro- 
duced between the different parts of the machinery ; 
and, in order to overcome it, the power must be consider- 
ably increased above what has been estimated. / As a 
general rule, the loss from friction is supposed to be equal 
to about one-third of the power which is applied"; that is, 
if, by the use of a machine,ra weight of 150 pounds is 
exactly balanced by a power of 30 pounds ; then, to put 
the weight in motion will require an addition of one-tmrd 
of the original power, or 10 pounds, making 40 pounds 
in all. ) 

^. But the resistance of friction in some of the mechanical 
powers is much greater than in others^ (the lever is least 
affected by it, while in the screw ana wedge it is enor- 
mous. ' 

134. Friction is of two kinds, the one occasioned by a 
body gliding over another ; the other by the rolling of a 
circular body. The latter is usually much less than the 
former. ^ Owirig to this, friction-rollers are sometimes 
used with the view to diminish the resistance./ So cylin- 
ders of wood are placed under very heavy ms^ses, as 
buildings, in moving them, for the same pujpose. ; Where 
rollers can not be used, the rubbing surfaces are generally 
lubricated by smearing them with oil or ^ease. - 

135. The air also opposes considerable resistance to 
all bodies moving in it, and this resistance becomes very 
considerable when the motion is rapid ; but no account 
is made of it in the preceding investigations in regard to 
the mechanical powers. ^ 

QuBSTioN 133. What allowBnee for loas bj friction is nsaallj to be made 1 Ifa weight 
of 150 pounds is balanced hj the use of a machine bj a power of 30 pounds, how much 
additional power will be required to put the machine in motion and raise the w^ht 1 
Are all the mechanical powers equally affected by friction 7 Which is least affiscted bj 
Itl 134. What two kinds of friction are there? Which is the greatest 1 WhatXare 
friction rollers? For what purpose are cylinders of wood usually placed under bu^d- 
iiu;s and other heavy bodUes in moving them ? What is the object of greasing the joinki 
ormachinery 1 136. What is said of the resistance of the air ? ^ 



CHAPTER IL 

HYDROSTATICS. 

136. This branch of science^ treats of the naturOi pres- 
sure, and motion of fluids in general, and their relation 
to solids.'^ 

Nature of Fluids.-r-A fluid is a substance which yields 
to the slightest pressure, the particles moving freely 
among themselves. * There are two kinds of fluids, liquid 
and gases, in the former of which there is a slight cohe- 
sion among the particles, but in the latter there is none. 
In this chapter we propose to confine ourselves entirely 
to the former. 

I37I fluids are subject to all the laws developed in the 
preceding pages, with such modifications only as depend 
upon their peculiar constitution ; they obey strictly the 
laws of gravitation and motion in' cases where the ready 
mobility of their particles does not interfere. , A mass of 
water or other fluid, in falling from a height, would pro- 
duce the same eflect as an equal mass of a solid, ii no 
opposing cause existed ; and the reason why no one fears 
the fracturing of his skull by the dashing of a quantity of 
water upon him from an elevation, is because the parti- 
cles are so easily separated from each other ; the mass is 
broken merely by the resistance of the air, and conse- 
quently the momentum of the whole can not be made to 
act on a single point, as is the case with solids. If the 
particles of the mass are made to cohere by freezing, then 
[ts mechanical efifects will be the same as those of any 
Dther solid. 

138. Liquids are slightly compressible. This was for a 
long time doubted ; but, from the result of many very ac- 

QoBBTioii 136. Of what does the bnneh of science called Hydrostatics treat 1 What 
Is a fluid 1 137. Are flafds sabject to the laws which have beeo already discussed 1 
Do Huff obey the sams laws of graTitation as solids 1 Why do not fluids in falling pro- 
iuee the same meehflMcal effects as solids 1 If the particles of water are made to cohere 
fey freezing, what wStald bs the effects ci the falling of a massl las. Are liquids com. 
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curate experiments!, it is found that water, which may be 
considered as the representative of liquids in general, is 
diminished aboutC46 millioneths of its volumtfjfcH- a pres- 
sure of 15 pounds to the square inch, and io the same 
ratio for a greater pressure, ^n apparatus — somewhat 
complicated — has been invented, by wnich the compressi- 
bility and elasticity of water have been demonstrated in 
a very satisfactory manner.' When the pressure is re- 
moved, in consequence of its elasticity, it immediately 
expands and then occupies the same space as before. 
i^But all liquids are not equally compressible. 

139. The accompanying figure will 
eive some idea of Uie apparatus which 
has been used to demonstrate the com- 
pressibility of liquids. A B C D is a sec- 
tion of a strong glass vessel haviiw firmly 
cemented on its upper part A B a me- 
tallic cylinder, E F, with a piston, G, 
fitting it perfectly tight, and capable of 
being forced down upon the water con- 
tained in the vessel by means of the 
screw H. K is a bottle of glass, having 
its neck drawn out into a small tube ; 
and after this bottle is filled nearly full 
with water, a small globule of mercury 
is introduced so as to rest upon the sur- 
face of the water, and serve as an index. 
To the neck of the bottle a metallic scale 
is attached with equal divisions marked 
upon it. This bottle thus prepared is then placed in the 
large glass vessel which is to be filled with water, and 
then the piston inserted and screwed down upon the 
water. The water in the small bottle contracts under 
the pressure, as will be shown by the descent of the 
globule of mercury in the neck of the bottle. 

By knowing the capacity of each of the small divisions 
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of the neck of the bottle as compared with the bottle it- 
self, the amount of the contraction may be determined. 

14Cr. Though the particles of liquids move freely 
amon^ themselves, there is, as we have heretofore seen, 
a slight attraction between them, as is shown by their 
adhering together to form the drop. But it is very slight ; 
and each particle may therefore be considered as gravi- 
tating toward the earth by itself alone, entirely indepen- 
dent of the others bv which it is surrounded. 

141. As a natural consequence of this, a mass of any 
liquid always takes the form of the vessel in which it is 
contained, however irregular it may be. By taking ad- 
vantage of this peculiarity of liquids, solids that are capa- 
ble of beinp melted are cast into any form which is 
desired. (The solid is first melted, and while in the liquid 
state poured into a vessel or cavity of the proper form 
previously prepared ; and when it has solidified by cool- 
ing, it is found upon removal from its bed to be of the 
shape required. 

142. ^^As another consequence of this property of liquids, 
their surfaces will always be found when at rest to be 
perfectly level; every particle at the surface will be 
equally distant from the point to which they all tend. 
This point, we know (26,) is the centre pf the earth ; and 
hence the(' surface of a fluid must always partake of the 
spherical form of the globe. > This is evident in large 
bodies of water, as the ocean ; but the sphericity of small 
bodies is so trifling in consequence of the great distance 
of the centre, that their surfaces appear to the eye per- 
fectly flat. ^ 

If, however, the extent of surface is considerable, its 
spherical form becomes evident. Thus, when a ship 
is first seen in the distance at sea, only the tops of her 
masts appear in view ; but, as she approaches, more and 



dUBSTXoM 140. Do the particles of Uqnldt possesB any attraction for each other 1 
How is the alight cohesion of the particles shown 1 How do the particles of liquids 

KTitate 1 141. Why does a portion of a liquid in a ressel always take the form of the 
ide of the ▼eael 1 How are metals and other solids cast in particnlar forms which k 
may be desired 7 142. Why is the sorfoce of a liqnld at rest always level 1 Toward 
what point does every particle of a liquid tend to ftll 1 Is the sor&ce of a liquid at rest 
a plane t Why is not the convexity of the sor&ce apparent in small Iwdies of water 1 
why Is t:ve top of the mast of a ship at sea visible before the lower parts Y SoppoM a line 



8S 



NATVEAL PHILOBOPBT. 



more of her sails are seen, until at length the whole shif 
becomes visible. So, when the sailor wishes to see a 
great distance, he ascends to the mast-head with his 
telescope, knowing that, in consequence of the spherical 
form of the surface, objects may be seen from that eleva- 
tion which are entirely hid from his view when upon the 
deck. 

But even in bodies of water of comparatively limited 
extent, the curvature of the surface is not entirely imper- 
ceptible. If we suppose a lake two miles in diameter to 
be frozen over wuth fine smooth ice, and a line drawn 
across it perfectly straight, touching the ice in the centre, 
each end of it would be no less than 8 inches above it. 



PRBfBUBB APPLIED TO LIQUIDS. 

143. Liquids, on account of the great mobility of their 
pajticles, are capable of communicating any pressure ex- 
erted on them, equally in all directions. 

This is to be considered as entirely separate from the 
pressure resulting from the weight of the liquids them- 
selves. 

To understand the mode in which 
this pressure is distributed, let A B C 
D in the figure be a vessel filled with 
water or some other liquid, and P, a 
solid piston, fitting exactly the inside 
of the vessel, so that none of the 
liquid can pass by it. For the present, 
leaving the weight of the liquid itself 
out 01 the account, if P weighs ten 

Eounds, this force will be sustained 
y the first stratum, a?, of the fluid , 
and this by the next stratum, y ; this 
by the next, z ; and so on to the bottom of the vessel, by 
which the whole will be supported. If the liquid were 
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two mileg loiv draws perfectly itralght OTer the snrfece of a frosEen lake, bo aa jnst to 
touch the ice in the middle, how high would each end be above the ice T 143. In what 
directiOB do fluida tranamita force hnpreaied upon them % How i« the fifurt ezplalnad * 
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remored, the piston would at once descend and rest upon 
the bottom directly, by which it would be sustained; out 
this is done as really when the liquid is contained within, 
its weight or pressure being transmitted by the liquid to 
the bottom. 

If, while the piston is in the position represented in the 
figure, the water should be frozen, supposing it not to ad- 
here to the sides of the vessel, it is plain that the piston 
would rest upon the ice, and the ice upon the bottom of 
the vessel ; or, in other words, that the pressure of the 
piston would be transmitted by the ice to the bottom of 
the vessel. But the mere circumstance of the water being 
frozen can not change the transmission of the pressure ; 
the weight or pressure of P must be sustained by the 
bottom alike in both cases. 

144. But as the shape of the fluid will conform to the 
bottom of the vessel accurately, if thie whole surface of 
the. bottom is pressed by a force of 10 pounds, one-half 
of it will of course sustain 5 pounds, one-tenth 1 pound, 
and so on ; that is, if we suppose the surface of the bot- 
tom of the vessel to contain 10 square inches, each inch 
will sustain a pressure of 1 pound. 

145. Thus far we have spoken only of the pressure 
upon the bottom of the vessel ; but, in consequence of the 
freedom of the particles to move among themselves, the 
same pressure will be transmitted to the sides of the 
vessel also ; and if an aperture be made, the liquid will 
gush out with the same force as if made at the bottom. 
If an aperture be made at the side, just equal in size to 
the piston, ^e force required to be applied to a second 
piston inserted in this aperture to keep the liquid in, will 
be precisely equal to the weight of the first piston, or ten 
pounds. If tjie aperture in the side be only half or a 
quarter as large as the piston P, and a second piston in- 
serted, then only a proportional force will be required to 
keep it in its place. 

Would the water m really mpport the pistoo when liqald aa when frozen 1 144. If the 
whole soriaee cf the bottom fa preaaed by a force of 10 ponnda, how much will be the 

Breaanre upon one-half or one-tenth of it 1 146. la there a preaaore againat the aidea of 
le veaael aa well aa afalnat the bottom ? If an aperture were made in the aide of the 
of equal alaa wHh the piaton, and a aeeono piiton inaerted into it, what weight 



90 



NATURAL PHILOSOPHY. 



Asaio, if a perforation be made in the piston P itself, 
the liquid will rush upward from below in a jet d'eau, 
which shows that there is also an upward pressure.j Upon 
trial, this upward pressure would be found precisely equal 
to the downward or the lateral pressure, which proves 
that liquids transmit forces acting on them equally in all 
directions. 

146. Some very important consequences result from 
this property of liquids to transmit force equally in all 
directions. 

Let ABCp*be a close 
vessel, the top of which is 
horizontal, and OO two 
apertures having tubes in- 
serted in them, which shall 
be just an inch square in- 
side ; and let P P' be pistons 
accurately fitted into these 
tubes. Let us now suppose 
the vessel filled with water, 
and a weight of 1 pound ap- 
plied to one of the pistons ; 
it is plain that every square inch of the .internal surface 
of the vessel would receive a pressure of 1 pound, which 
would be shown by the rise of the other piston, if it were 
not loaded by a weight equal to that placed upon the first. 
If, therefore, the whole internal surface of the vessel is 
supposed to contain 1000 square inches, a load of one 
pound applied to one of the pistons produces a pressure 
upon the vessel of 999 pounds ; and so in proportion to 
any other weight applied to the piston. 

147. In the above case we have su{^osed the two pis- 
tons equal ; but let us suppose now diat the tube O , is 
ten times as large as the tube O, and the piston P' of 




Pruaure qppti^d to iJqtUda. 



woald be reqi^dred to keep It in its placet If an apertnre were made in the piiton P 
Itael^ what would be the result? would the upward pressure be equal to the down- 
ward or .the lateral pressure 1 146. If the internal surface of a vessel be supposed equal 
to 1000 square inches, and an aperture an inch square be made, and a pressure of a 
pound be applied \>j means of a piston, how much force will be exerted upon the whole 
inside of the vessel 1 If a second piston be inserted of the same size of toe first, when 
file first is loaded with the weight of a pound, what will be the effect upon the second t 
147. If we suppose the piston C to be 10 times as lai^ as O, how many pounds upf a 
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course teo times as large as 
P. If Ihe piston F be loaded 
with a Tveighj of 1 pound, a 
corresponding pressure will 
be transmittea to every por- 
tion of the internal surface 
of the vessel A B C D ; but the 

[listen T' being ten times as 
arge as P, it will require a 
load of 10 pounds to cotmter- 
biJance the 1 poond upon P. 
If P be loaded with a weight of 100 pounds, then 1000 
pounds would be required upon P' to counterbalance it. 

We have made no allowance in these calculations for 
the fiiction of the pistons, which, in making the actual 
ezperimenl, would be very considerable, but would not 
afiect the principle designed to be illustrated. 

148, The Hydraulic Press. — It will readily^ perceived 
/that in the application of the principle above discussed 
we have the means of producing great pressure by the 
use of a comparatively small force, j 

This id accomplished in the 
machine called the Hydrostatic 
or Hydraulic Press. ^ A is a 
small cylinder with a solid pis- 
ton, which is worked by the 
handle H, and firom the lower 
part of it a strong tube, B, ex- 
tends to a la»;er cylinder, in 
which a strong, neavy piston, P, 
is fitted so accurately as to move 
up and down in it without al- 
lowing any water to escape by 
it. C is a tube leading to a cis- 
tern of water. Now, if we sup- 
pose the diameter of the cylin- 
der A to be 1 inch, and that of 
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br IIh Irletlait cC ttn pIMon 1 14S. Haw li th> a/drotlie Pnti conKrocUd 1 If Ott 
■mailer Cfllbdcr \t 1 locti in dUuBtar, utd the \Mtt*r B loehefl, how muij pounds u- 
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the other cylinder 6 inches, the surface of tAe lower end 
of the piston P will be 36 times that of the small piston 
in the cylinder A ; and a weight of 1 pound applied on 
the small piston will produce a pressure upon P, tending 
to raise it, of 36 pounds. But as the handle H acts as a 
lever, a man can easily, by means of it, apply a force of 
several hundred pounds, which will be increased, as we 
have seen, 36 times by the action of the machine. Let 
us suppose the man, by resting his whole weight upon the 
handle H, produces a pressure of 400 pounds upon the 
piston in A, then the piston P will be raised by a force 
equal to 400 x 36= 14,400 pounds. 

149. It is remarkable, that in this machine also, the 
space passed over by the power will always be to that 
passed over by the weight, as the weight is to the power, 
(121.) For, as the lar^e cylinder is 36 times that of the 
smaller; when the smdl piston is forced down one incfa^ 
the water driven by it into the larger cylinder will fill it 
up only ^V o^ ^^ ^^^l^' A^^ consequently the larger piston 
P will be raised only that distance. 



PRB88URB PRODUOBD BT THB WEIGHT OF LIUUIDB. 

150. Pressure Proportional to DeptK-^li is to be ob- 
served that thus far we have spoken only of pressure 
which mav be applied to a liquid, leaving entirely out of 
account the weight of the liquid itself, and the pressure 
resulting from it. ,. This we will now proceed to consider. 

It is evident that a portion of the liquid in a vessel may be 
supposed to constitute the piston P, (143,) for its pressure 
upon the portion below it will be just the same as if it 
were solid, and the pressure will be transmitted in the 
same manner to the bottom and sides of the vessel. 

151. Let ABCD be a vessel with upright sides filled 
with water or other liquid. Let us suppose a portion 

means of a leT«r a man can apply 400 pounds to the smaller piston, how much force 
will be exerted upon the larger 1 149. What is the proportion between the distance 
passed over bj the power and that passed over by the weight 1 How does it appear 
that when the power moyes 1 inch, the piston, and of coarse the weight, will be raised 
only one-thirty-slzth of an inch 1 160. llius far, have we been speaking of pressure ap 
plied to the somce of a liquid, or of the pressure resulting from the weight of the liquid 
itself 9 161. How is the figure in paragraph 151 explained 1 How will the pressure c^ 
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of the liquid AEFB separated 
from the liquid below by a thin film, 
E F» of some substance ; it is plain, as 
has been remarked, that the pressure 
of the upper portion thus separated 
from the rest upon the part below, 
will be the same as if it were solid; 
for its weight will be sustained by 
p«M«« of Liguid.. it jf ^^^ l^t ^ suppose that another 

portion of the liquid, E 6 H P, equal 
to the first, is in like manner separated by a film, 6 H, 
from the part below ; it is evident this wiU exert a pres- 
sure equal to that of the first portion ; and the i;<rhole 
pressure on the surface G H will be twice as great as 
that at the surface E F. If below this we should take 
a third similar portion of the fluid, the pressure upon the 
surface on which that would rest would be three times 
that of the first portion, and so of any other proportion. 

It will be seen, therefore, that the pressure of the fluid in 
the vessel increases as we descend exactly in proportion 
to the depth or distance perpendicularly below the sur- 
face. 

We have, then, this principle, viz. : Thevressure of a 
liquid at different distances below the surface is always 
pKtfportumal' to thesis distances. 

152.{ This pressure, it will be observed, at any given 
point, is nothing more than the weight of the liquid ^ove 
that point ;\and of course (the heavier the liquid is, the 
greater will be* the pressure, the distance below the sur- 
face being supposed the same. ' The pressure of mercury, 
therefore, is greater than that of water, and the pressure 
of water greater than that of alcohol or ether. 

It is to be observed, too, that though the pressgore of 
liquids increases in proportion to the distance bel6w the 
siurface, still, at any given mathematical point, it will be 
equal in every, direction ; that is, at this point, the up- 

wardy downward, and lateral pressure, will be precisely 

r '. 

a Hqnid varr at different diatonces betow the aorface 1 163. From what does thia prea- 
■nre result f Will the preaanre of all liqaida be the aame at the aame deptn 7 Tlioiurh 
Um preoanre increaaea aa we deaoend below the aar&ce, will it always be the aameln 
•v«Bt]r dbpeorjon at anj giyen point 1 
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the same. But, if we take any appreciable portion of 
surface, unless it be horizontal, this will not be the case, 
as the downward pressure will be greatest. But this will 
shortly be explained more fully. 

153. The pressure on the bottom of a vessel with up- 
right sides, when filled with a liquid, will of course be just 
, equal to the weight of the liquid,\and this is proportional 
Ho the surface of the bottom and tne perpendicular height. 
But it can be shown that in all vessels, whatever the 
form, the pressure on the bottom (supposed to be per- 
fectly horizontal) will be the same as if the sides were 
upright. That is, the pressure on the bottom of a vessel 
filled with a liquid is equal to the weight of a column of 
the liquid whose base is equal to that of the vessel, and 
whose height is the same as the depth of the fluid in the 
vessel. 

Let ABC be a 
plass tube, having a 
brass collar cement- 
ed on at A, into 
which vessels of dif- 
ferent shapes, D, 
E, and F, may be 
screwed. The tube 
ABC is fiUed with 
mercury up to the 
dotted line A C, and 
the vessel D is then 
screwed on A, and 
water poured in until it rises to h. The surface of the 
mercury at A will be the base of the column of water, 
and win of course be forced downward bv the weight of 
the water, and made to rise above C, at the other end of 
the tube, we will suppose, to the point p. If now we jm- 
screw D, and substitute either of the other vessels, E or 
F, or, indeed, one of any other shape, and fill it with 
water to h, the mercury in the tube will in every case 

QvRSTioif 163. What ia the pressare upon the bottom of a ▼eaeel fiUed with a liifoid 
equal to 1 la tbla preaaare independent of the form of the veiael 7 How may thia be 
proved bjr meant of the appancua deaeribed 1 la the eaaa of the ftiBBd^ahaped TtBei 
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rise exactly to p, provins conclusively that the pressure 
exerted by fluids is independent of their quantity, and 
varies only with the perpendicular height, the base being 
the same in each case. In the case of the funnel-shaped 
vessel, E^the inclined sides support part of the weight of 
the fluid ^ and when the small vessel, F, is used, a pai*t 
of the downward pressure is counterbalanced by an up- 
ward pressure against the sides of the vessel where its 
diameter is diminished. 

154. By availing ourselves pf this law, a very powerful 
force may be exerted by a small quantity of liquid. If, 
for instance, a cask be filled with water, and a small 
tube, say \ of an inch in diameter, and 20 feet long, be 
closely inserted in the bung-hole, and water poured in, 
the pressure will be suflicient to burst the cask. 

Hydrostatic Bellows. — The 

f* well-known philosophic toy called 

the hydrostatic bellows, illustrates 
the same fact; this consists of 
two flat boards, B C and D E, 
united by leather, A. A short 
tube communicates with the in- 
terior of the beUows, and termi- 
nates in a faucet, by which the 
water used in the experiment is 
drawn off". From this short tube 
a long tube, T, rises perpendicu- 
larly, and terminates in a funnel, 
F. The upper board, BC, is 
loaded with weights, W, which 
press it against the lower board, D 
E ; the leather which unites them 
being collected in folds between 
them. If, now, water is poured 
into the funnel F, it will descend 
and enter between the boards ; and, by continuing the 
Supply, a column will be maintained in the tube, which. 
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B, how It a part of the weight sappoited 1 154. How may a ▼err powerftil force be ex- 
erted by a email quantity of water 1 How ia the hydroataiie bettom constructed 7 How 
are the weights raised that are plaeed on the upper board 1 
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by its pressure, will gradually raise the upper board with 
its load as high as the leather which unites the boards 
will permit. 

155. In the hydrostatic bellows we see the powerful 
upward pressure of the column of water within, which is 

^qual to the weight of a column of water having the 
Nttpper board, B C, for its base, and for its height, the height 
of the water in the tube T.\ The pressure of the water in 
the tube, it will be seen, serves the same purpose as the 
small piston in the hydraulic press (148 ;) and by increas- 
ing suiSciently the length of the tube, any amount of 
pressure can be produced. 

( On account of this upward pressure of liquids)if a hole 
is^ade in the bottom of a ship, the water rushes in with 
great force. 

156. Lateral Pressure of Liquids. — We have hereto- 
fore seen (152) that the pressure of a liquid at any point 
is the same in every direction, and is proportional to the 
depth beneath the surface. We have seen, too, that in 
the case of pressure applied to a liquid^ the force exerted 
on any part of the inside surface will be in proportion to 
the extent of that surface](147;) that is, if we are able to 
determine the amount of the pressure on one square inch 
of the surface, it will be twice as much on 2 square inches, 
three times as much on three square inches, &c. So, 
the upward or downward pressure of a liquid itself on 
any surface, at any given depth, will be proportional to 
the extent of the surface, and will be entirely independent 
of the form of the vessel (153.) (But the same can not be 
said of Skuy portion of the surface of the sides of a vessel 
filled with liquid, for the reason, that every part of this 
surface will not be at the same depth beneath the liquid ; 
the lower part must be at a greater depth, and, therefore, 
subjected to greater pressure than the upper part. 

If a cubical box be filled with water, it is f6und the 
pressure on one side is just equal to half that upon the 

QtmsTiON 166. What is the upward pressure in the hydrootatic bellows equal to 1 
Why does water rush ioto a ship when a hole is made in the bottom 1 „ 166. Is me ores- 
sure of a liquid on the inside ora Tessei proportional to the extent of sur&ce 1 What is 
said of the pressure upon a portion of surface in the side of a vessel 7 If a cubical ves- 
sel be filled with water, how does the presBUre upon one side compare with that upon 
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bottom ;^that is, the pressure is the same as it would be 
if the side were changed into a horizontal bottom, and 
half the depth of liquid rested on it. 

(In consequence of the in- 
creasing pressure of water as 
the depth increases, dams and 
embankments to contain it are 
always made much thicker at 
Enoankmeru, ^^^ bottom than at the top, as 

shown in the figure.N 

157. The pressure of liquids at very considerable 
depths below the surface is enormously great. If an 
empty bottle tightly corked is sunk by means of weights 
attached to it to a considerable depth in the sea, the pres- 
sure of the surrounding water will either break it by 
bursting it inward, or will force the cork into it through 
the neck, or the water may be forced in through the coA. 
If the bottle has flat sides, it will be likely to be broken, 
this form not being conducive to strength.X 

In one case, a bottle tightly corked, and the cork 
covered with pitch, was let down into the sea, and on 
reaching the depth of about three hundred feet, an increase 
of weight was suddenly felt, which proved to be occa- 
sioned by the cork having been forced in, and the bottle 
of course filled with water. Another bottle was let down 
in a similar manner, which, on being drawn up, was found 
fiUed with water, though the cork remained in its place, 
the water no doubt having been forced in through the 
cork or around its sides. 

If a piece of wood that easily floats at the surface is let 
down by means of a weight attached to it to a great 
depth, the .water will be forced into its pores, and increase 
its weight so much, that it will no longer be capable of 
floating or rising to the surface. 

A diver may descend, with impunity, to a certain 

depth in the sea, but there is a limit beyond which the 

' ■— ^-— ■— i— ^^— .— ~ ■ I II I » II ^^-^— » I II I 11 I ^^^-^ . I. 

tb« bottom ? Why are dams and embankment! alwajri made much thicker at bottom 
than at the topi 157. What la the effect of sinking bottles tightly corked to great depths 
In the sea 1 Why is the bettle likely to be broken if it has flat sides 1 May the water 
sometimes be forced In through the cork or by Its ndes 1 If a piece of wood Is sunk to 
> eonridcrable depth in narer, why will it not rise again to the surface 1 May dtrers 
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pressure can not be endured; and it is probable that even 
fishes, though fitted by nature to sustain greater pressures 
than land animals, can not exist beyond certain compara- 
tively limited depths. They have, however, in some in- 
stances, been caught so far beneath the surface, that they 
must have sustained a pressure of many tons to every 
square foot of the surface of their bodies. 

158.( Liquids being slightly .compressible, fis we have 
seen,(must become more dense at considerable depths 
than they are at the surface. ) It has been computed, that 
at the depth of 93 miles the density of water must be 
doubled, in consequence of the great pressure to which it 
is si^bjected, and that at the depth of 362 miles it must be 
as dense as mercury. ) 

159. Level Surface in Vessels connected. — ^We have 
seen (142) that the surface of a liquid in a vessel at rest 
always attains a perfect level ; and the same will be true 
if the liquid is contained in several vessels, provided there 
is a free communication by means of a tube, or otherwise 
between them. If the vessels be large, and the tube 
uniting them small, it majr require some time; but, in 
every case, a perfect level la all the vessels will at length 
be attained. 

Every one's daily obser- 
vation is, perhaps, sufficient 
to satisfy him of this fact ; 
but the piece of apparatus, 
represented in the figure, 
serves to illustrate it. A, 
B, C, D, E, F, are several 
glass vessels of different 
7%e eame Leva. shapcs. Connected at the 

bottom by a flat horizontal 
tube, L U. Let water now be poured into one of the ves- 
sels, and it will be seen to rise in all alik^, and stand at the 
same level, notwithstanding the difference in their forms. 
A teapot, kettle, or other vessel having a spout, to con- 
descend to any depth beneath the anrface 1 Have fishes the power of endurlnc greattf 
pressure than man ean 1 16a Are liquids compressible ? What then must be tne effect 
upon their density at great depths 1 169. Will the surface of a liquid in several Yesaela 
communicating together be afthe same level in all 7 How is this shown by the figure 1 
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•mu a liquid, must have the lip of the spout at least as 
high as the level of the liquid within ; otherwise the 
liquid will flow out. 

160. It is well known that ia digging wells in the 
ricinitj of each other, .we are not always obliged to pene- 
trate to the. same depth in order to find a lupply of 
water ; nor is the suitace of the water beneath the soil 
every where at the same level, as the principles we have 
just discussed would seem to require. We sometimes 
see wells hut a few rods apart, both of which, perhaps, 
contain water during the year, though the bottom of one 
of them is scarcely, if at ^I, lower than the mouth of Uie 
other 

Thus, let A and B be t^ 
wells dug in the hill side C ; 
the bottom of A is above the 
level of the mouth of B, and yet 
A may be half filled with water 
at the same time that it stands 
much below the mouth of B. 
But this in reality furnishes no 
exception to the general law that 
the surface of a body of water, or of several bodies com- 
municating with each other, will be at the same level. 
The reason why the surface of the water that percolates 
every where through the soil is not at the same level, like 
the surface of the ocean, may bq because of the obstruc- 
tions that prevent its free passage from place to place, or 
because of the capUlary action (16) of the soil itself. If 
the earth between the wells A and B is very hard, or 
composed mostly of clay, which is impervious to water, 
then the wells may be considered as two separate vessels, 
in which we should not of course expect the water to be 
necessarily at the same level. But if the earth at the 
particular place is of such a nature as to allow the water 
to pass freely, it may by capillary action be maintained 
at a higher level at one point than at another. 
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161. Hydrostatic Paradox. — The solutioD of the hy- 
drostatic paradox, as.it has been called, willnowbe easy. 
As usually stated, it is as follows, viz : '(Any quantity of 
water, however small, may be made to balance any other 
quantity, however large." To make a very small quan- 
tity of water balance S'^very lai^e quantity, it is neces-. 
sary only to have two vessels communicating by a tube 
at the bottom, and of such a form that the small quantity 
in the small vessel shall stand in it at the same height as 
the larger quantity in the large vesseL 

In the figure, A B D and C E are 
two vessel of different capacities, 
but the small quantity of water in 
the smaller, serves as an esact 
counterpoise to the larger quantity 
in the other. If the sides of the 
vessels are perpendicular, as repre- 
sented in the figure, the quantities 
^dnMiaie parador. of Water will be proportional respec- 

tively to the areas of the bottoms 
of the vessels. 

162. Canals and Aqueducts. — The methods adopted for 
conducting water in canals through a country depend on 
the above property, by which liquids find their own level. 
When the space through which a canal is to be conducted 
is a uniform plain, there is of course no difficulty ; but 
when the surface is uneven, locks are required; which are 
large reservoirs capable of containing the boatsthat navi- 
gate the canal, and having large gates at each end, so 
that they may be filled and emptied at pleasured I When 
a boat is to ascend, the lower gate is opened,''^Mid the 
lock or reservoir emptied, so that the water in it stands 
on a level with that in the canal below, while the upper 
gate prevents the water entering from the canal above. 
As soon as the boat enters the lock, the lower gate is 
closed, and the upper one opened ; and, the water from 
above entering, soon fills it to a level with that in the 
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canal above, the boat of course rising with it, ready to 
proceed on her way. 

In passing down/the boat passes through the upper 
gate into the reservbir, and this gate is then closed and 
the lower one opened ; and the falling of the water to the 
level of the canal below allows her to pass onward!) 

163. When water is conveyed a distance for the pur- 
pose of supplying a town, it is sometimes conducted in a 
canal, which may be covered (as is the Croton aqueduct 
in New York) or open ; but often close pipes are used, 
which are made strong to endure great pressure, and laid 
a little below the surface, without reference to its uneven- 
ness. But it is to be noticed that the pipes must at no 
place rise higher than the source from which the water 
proceeds. In this way water itiay be conveyed even to 
the upper stories of houses, provided the source is suf- 
ficiently elevated. 

164. Leveling. — ^In many mechanical operations it is 
necessary to have some convenient means for finding a 
true level, or horizontal line. 

For this purpose a vessel of 
water of such a form that the 
surface may be considerably ex- 
tended, as a large basin, will 
answer in many cases ; but a 
tube bent in the form ACDB, 
Water Leva. fin^^ ^jth ^atcr, is better. If 

the parts A C and B D are of the 
same length, when it is perfectly horizontal, water upon 
being poured in will rise exactly to the edge at both ends 
of the tube. 

To determine whether a beam, or floor, or other object 
is horizontal, the workman has only to place the instru- 
ment upon it, in the position shown in the figure, and fiil 
it with water. If the water does not rise exactly to the 
edge at both extremities, he of course knows that the ob- 
ject is not in the true horizontal position. If he wishes 

QviaTiON 163. What if an aqueduct 1 May an aqueduct be open like a canaL or 
elowd 1 When close pipes are used, why may not the aqueduct be carried to any place 
bigher than the fountain 1 164. How may s level be found by means of a basin ol 
WMier 1 How by means of a bent tube 1 
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to determine which of two objects at a distance from each 
other is highest, he places it upon one of them in a hori- 
zontal position, and sights across the ends of the tube. 

The above explanation exhibits the principle of the in- 
strument, but other fixtures are usually added to it to 
render it more convenient for use. 

165. But another instrument, called a ^irit level, from 
its compactness and little liability to injury, is now gene- 
rally used by mechanics. It consists of a cylindrical 
glass tube, slightly curved, and filled with alcohol, except 
a small space which contains air, and is sealed by closing 
up the glass at each end. In whatever position it is placed, 
the air will be uppermost ; and if the extremities are at 
the same level, it will be in the middle, this being the 
highest point. 

If the tube is not ex- 

»A Bq actly level, the bubble 

CX^ ^^ SjQ ^jlj incline toward the 

^ " highest end. The figure 

spiru Leva, jj^ ^j^^ margin represents 

the tube inclosed in a 
brass case, AB, in a horizontal position, ^ith the air-bubble 
in the centre. The tube is usually inclosed in brass, except 
a small part of the upper side. 



IMMERSION OF SOLIDS IN LIQUIDS. 

166. Displacement of Liquids, — When a solid is im- 
mersed in a liquid, it is evident that a portion of the liquid, 
equal in bulk to that of the solid, must be displaced, else 
it would be possible for two bodies to occupy the same 
space at the same time. This is shown very easily by 
experiment as follows : 

jLet A B C D be a vessel with perpendicular sides, 6 
inches square at the bottom, and a foot high, partly filled 
with water, as to the figure 6. As it is just 6 inches 
square at the bottom, every inch in height will contain 

QuBSTxoN 166. How is the uririt level coDstmcted ? How does it show when a true 
level or horizontal position is obtained? 166. When a solid is totally Imme^ved in a 
.iquid, what quantity of the liquid must be displaced 1 How is this illustrated 1 If tite 
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^ just 36 cubic inches of water ; 2 inches 

• in height, 72 cubic inches; and so on. 

I Let us suppose, now, a block of marble, 

► or other heavy substance, S, precisely 4 

k inches square, is dropped into it ; a por- 

i tion of the water will be displaced or 

.g moved to another part of the vessel, as 

Diapuusemtnt of ^^^^ ^ manifested by the rise of the 
laquids. surface nearly to the figure 8, just as 

if so much more liquid had been poured 
in. The block, S, being 4 inches square, would contain 
just 64 cubic inches ; and upon measurement after 
its immersion in the water, the surface will be found 
to have risen 1} inches ; showing that just 64 cubic inches 
of water had been displaced, for 36 x 1^=64. 

167. It will be seen that we have here an excellent 
method to determine exactly the bulk or solid contents 
of an irregular mass of any solid not soluble in water ; 
for, whatever be the form oi the mass, it wilLlilways dis- 
place a volume of water just equal to itself; and, by ob- 
serving the rise of the surface, the additional part of the 
vessel so filled can be at once calculated as just shown. 
If, for instance, an irregular mass should cause the water 
in the above vessel to rise just 2 inches, we should know 
that it must contain 72 cubic inches ; and so of any other 
height. 

An ingenious practical use is sometimes made of this 
property of liquids by blacksmiths, in certain cases in 
which it is necessary to use a given weight of iron. In 
the construction of gun-barrels for government, it is re- 
quired that, when finished, they should have a prescribed 
weight ; and in order to this, to prevent great waste, it is 
necessary for thfe workman to commence with a proper 
quantity of iron. The iron is procured in bars, which, 
however, vary a little in size, else it would be sufficient to 
measure the same length of the bar for each barrel. To 
determine the proper length, whatever may be the size 



teasel is 6 inches square, aod a cubical block 4 inches on each side be dropped into U, 
how hich will the water be made to rise ? 167. How may we determine the solid con* 
tents of an irregular mass 1 How does the blacksmith determine the quantity of iron 



104 HATORAL PBILOSOPHT. 

of the bar, the workman proceeds in the following 
manner : 

He first procures a tub of the proper ca- 
cn pacity, as A B, in the figure, and iills it with 

water to a point, P, which is to be ascer- 
1 1 tained by trial. He then immerses one end 

of the bar, CD, perpendicularly, until the 
water rises so m just to fill the tub, and 
marks on the bar the line to which it is wet ; 
the part immersed will then be just sufficient 
for his purpose. This method supposes, as 
will be seen more fully hereafter, that all the 
j iron used is of equal density. 

BBS. When a Solid will sink. — When a solid is im- 
mersed in a liquid, it of course presses downward with a ' 
force equal to its own weight ; and, as we have seen, 
when wholly immersed, displaces S. quantity of the liquid 
equal in volume to itself. If this quantity of the liquid is 
lighter than the solid, the latter will sink, but if heavier it 
will swim. If the two are precisely of the same weight, 
the solid will remain suspended in the liquid, in whatever 
position it may be placed. When a body is immersed in 
a liquid heavier than itself, it will sink until it displaces a 
quantity of the liquid just equal in weight with itself. 

169. The reason of the above statements may perhaps 
be made plainer by further illustrations. 

Let L M be a vessel filled with 
v ■■;> water, containing a cubic block, 

ABCP, immersed in it, which, 
for the present, we will suppose to 
have the same weight as an equal 
bulk of water. It is evident it 
will remain exactly in this state of 
rest unless disturbed. ~ On the 
upper side it sustains the pressure 
of the column of water, E A D-F, 
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which we will suppose just a cubic foot also; and on the 
lower surface, B C, it will sustain an upward pressure of 
twice this amount, since the depth beneath* the surface is 
here 2 feet. But to the downward pressure of one cubic 
^t of water is to be added its own weight of one cubic 
foot, making it just equal to the upward pressure. It 
will therefore remain at rest. 

But let us now suppose the mass, A B C D, is heavier 
than an equal volume of water ; the downward and up- 
ward pressure of the water will be the same as before ; 
but the weight of the solid being greater than that of an 
equal volume of water, it will tend to sink by the differ- 
ence. 

Again, suppose the immersed body to be lighter than 
water, bulk for bulk, it is easy to see that the solid will 
tend to rise by as much as it is lighter than an equal 
volume of water. When a body floats in water, the ab- 
solute weight of the water displaced will always be just 
equal to the whole weight of the body. 

Let LM be. a cistern of water, 
and ABC, a body floating in it; 
then the weight of the water dis- 
placed by mnC will always be just 
equal to the whole weight of the 
body, ABC. For, if the weight of 
the water displaced were less than 

pupating Body. ^j^^^ ^£ ^j^^ ^^^^ j^ ^^^j ^j^^,^ 

lower, and displace a greater quan- 
tity of the fluid ; and if the weight of the water were 
greater than that of the body, the upward pressure of the 
surrounding water would bie greater than the downward 
pressure ofthe body, and it would rise ; coming to a state 
of rest in either case, when the weight of the displaced 
fluid is just equal to the weight of the body. 

170. As a matter of course, if the above principles are 
correct, no solid can float on the surface of a liquid, if it 

' of water, what win be the effect 1 How \n it shown that it would remain at rest beneath 
Che Mumee 1 How much greater is the upward than the downward pressure 1 Why. 
then, will not the block rise to the surface 1 If the Uock were heavier than an equal 
Totame of water, what would be the effect) If lighter, what would be the result 1 
When a body floats in water, how will the weight orthe water displaced compare with 
(he weight ofthe body 1 170. If a substance heavier than water, bulk for bulk, wiU 
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be heavier than its own bulk of the liquid; but, as the 
bulk of most or all substances can be increased without 
increasing their weight, it may be formed, however 
heavy, so as to float. Thus, vessels made of brass, iron, 
and other heavy substances, readily float upon the surface 
of water. So iron steam- vessels are not now uncommon. 
In consequence of their form, they displace just as much 
water as if they were solid ; but their weight is very 
much less. If they are filled with water, therefore, they 
immediately sink. 

171. A Body immersed in a liquid loses Weight. — 
The efiect of immersing a body in a liquid is always to 
lessen its apparent weight, as every one has noticed who 
has. attempted to ]ift a stone or other heavy substance in 
water. In the water it is perhaps raised without difli- 
culty ; but on coming to the surface, a great and sudden 
increase of weight is observed. So every one who, 
while bathing, has walked in the water, has observed how 
lightly he presses upon his feet. If the depth is consider- 
able, and the body is immersed to the shoulders, the per- 
son seems to himself to have little or no weight ; and, if 
there is even a moderate current, he finds himselif in dan- 
ger of being washed away, in consequence of the very 
insecure hold his feet have upon the bottom. 

172. This loss of weight 
by a body when immersed 
in a liquid, as may be in- 
ferred from what has been 
already stated, is always 
just equal to the weight of 
the liquid displaced by it. 
An easy method of prov- 
ing this important princi- 
ple is as follows : Let C 
be a vessel which we will 
at first suppose emptv* and 
Weighed in Water. l^t A be a Cylindrical mass 




■ink, how are Teasels of iron made to float in water 1 171. Why does a body, when im- 
mersed in water, appear to be lighter than in the air 1 Why is it that a person wadinc 
IP deep water seems to himself <o be so light 1 172. What is the loss of weight of a 
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of some solid capable of sinking in water, and turned 
veiy accurately so as just to fit inside the cylindrical 
vessel, D. Now let the body. A, be suspended by a fine 
thread to the vessel, D, and an exact equipoise produced 
by placing weights in the ^cale-pan, B. Upon pouring 
water in the vessel, C, the scale-pan, B, will preponder- 
ate ; but the equipoise will be again restored by filling the 
cylindrical vessel, D, with water. Now, as the cylindri- 
cal vessel, D, is of such a size that the solid mass. A, will 
exactly fit into its interior, it follows that the water with 
which D is filled is precisely equal in bulk to the solid, 
A ; proving that the apparent loss of weight sufiered by 
A oh being immersed in water, is just equal to the weight 
of a mass of water equal in bulk to itself. 

173. If a body lighter than water be first sunk by 
means of weights, and then these weights removed/ it 
will rise with more or less force, dependmg upon its mass 
and its weight compared with that of water^ Many con- 
trivances on this principle have been suggested(for rais- 
ing sunken vessels, and for lifting vessels over shoals 
when loaded too deeply to pass without assistance. A 
machine of this kind, called a Gamely in use in several 
places in Europe, consists of two immense boxes, which 
are made water-tight, and filled with water, and then 
lashed strongly one to each side of the vessel, below the 
surface of the water. The water within is then pumped 
out, and their buoyancy is sufiiicient often to raise the 
ship several feet, . 

174. Life Pre5ert;erA\-J-Life-pre8ervers are constructed 
on the same principle.) Thev are made of some flexible 
substance, as India rubber cloth, and of such a form as 
usually to encircle the waist, and be easily attached to 
the body; In case of danger,(they are readily inflated by 
a moutn-piece and valve provided for the purpose, and 
are then so light and buoyant that the person is in no 
danger of sinking.A Life-boats are also constructed on 
this principleJ\ * 

heavy body, when immersed in a liquid, equal Xo 1 How is this proved by the use of 
the nparatiu represented in the figure 1 173. What will be the effect if a body lighter 
than tfie same volume of water be sunk by means of weights, and the weights afterward 
removed 1 What is the derign of the machine called the camdL 1 How is it constructed 1 
174. How ar<i tife-preterxwt constructed 1 How are they inflated t 
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175. The human body is a little lighter than its own 
volume of water, and of course ought not to sink entirely 
beneath the surface. Usually, it is found that about half 
the head will float at)ove the surface ; and with presence 
of mind and the proper exertion of the hands and feet, 
the swimmer finds no difliculty in keeping his mouth and 
nose above the water so as to breathe freely. But when 
persons unaccustomed to swimming are accidentally 
thrown into the water, (not having sufficient presence of 
mind, or not knowing how to move the limbs, so as to 
bring the head to the surface, in the effort to breathe, a 
quantity of water is drawn into the lungs, by which the 
weight of the body is so increased that it becomes a little 
heavier than an equal bulk or volume of water, and of 
course sinks to the bottom ;^ there it remains, untU, by its 
decomposition, the gases that are formed cause it to ex- 
pand so much, that it displaces more water than is equal 
to its own weight, and it thus rises. 

176. Bodies of Fishes, — The bodies of fiskes are very 
nearly of the same weight as an equal bulk of watery > but 
they are also furnished vnih an air-bladder, by means of 
which they are able to change the. bulk of their bodies, 
and therefore rise or fall at pleasure) The air-bladder is 
usually attached to the spine or back-bone, and consists 
of a strong muscular sack which is partly filled with 
compressed air. When the fish wishes to descend, the 
muscles of this sack are tightly drawn, and the air within 
still more compressed, and its volume diminished ; but, 
when he wishes to rise, these muscles are relaxed, and 
the air within expands, increasing the bulk of the animal. 

177. An amusing toy is sometimes seen, which con- 
sists of a glass jar nearly filled with water, and having 
several glass images floating in it. Over the top is tied 
very closely a piece of bladder or leather ; and when it 
is slightly pressed with the hand, the images are seen 



Qthistion 176. Is the human body lighter or heavier than water, bulk for^ulk 1 Hay 
a good swimmer easily keep his mouth and nose above the water 1 Why is it that per- 
sons unaccustomed to swimming almost always sink in a short time when accidentally 
fiOlinf into the water ? 176. What is said of the weight of the bodies or fishes m com- 

Sared with water 1 By what means do they manage to rise and fall at pleasure 1 177. 
[ow are the little images in the vessel of water, represented in the figure, made to ria« 
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gradually to sink to the bottom, but rise 
again as soon as the pressure is removed. 
The images are made hollow, and contain 
•just sufficient air to make them swim under 
the ordinary pressure of the atmosphere ; 
but, when the pressure is increased by 
placing the hand upon the leather covering 
of the jar, the volume of air therein is dimin- 
ished, and water forced in through little holes 
in the feet. Their weight is then so in- 
creased that they sink ; but, on the removal of 
the pressure, the air within expands, and 
forces out a portion of water, and the images 
again rise. 

178. Centre of Gravity of a Floating Body. — ^When a 
body is desimed to float in a liquid, it is necessary that 
regard shouM be paid to the proper support of its centre 
of gravity (42,) otherwise it will not remain in its proper 
position in the liquid, or will be in danger of beine cap- 
sized. But the various circumstances upon which the 
stable equilibrium of a body floating in a liquid depends, 
can not be here investigated. 

179. Liquids of different Densities. — ^AU that has been 
said respecting the ascent and descent of solids in liquids 

applies equally to two or more liquids in 
the same vessel. If the liquids are inca- 
pable of acting in any manner upon each 
other, they will arrange themselves in the 
vessels in the order of their weights, the 
lighter above the heavier.* Thus, oil al- 
ways floats upon the surface of water, 
but sinks in alcohol. If a bottle with a 
small neck be filled with water, and the 
mouth inverted in a vessel of alcohol," the 
water will be seen to form a descending 
current through the neck, while the al- 



and fall In the water 1 178. Most the centre of gravity of a body floating in a liquid be 
Bopported ? 179. If two Uqnids. incapable of mixing with each other, are poured into 
a Teniel, how will they arrange tnenuelves 1 Which ia the heavier, water or alcohol 1 
Why doea oil always float upon the eurfiice ot water. 1 If a person should fill a bottle 
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cohoL being the lighter of the two, will gradually rise 
and take its placeA 

Thus, a sailor on board of a vessel loaded in part with 
brandy, wishing a little of " the ardent," filled a junk bot- 
tle with water, and holding the mouth with his hand, 
suddenly inverted it in the bung-hole of a cask, filled with 
the spirit. After holding it there some time, he quickly re- 
moved it, and found it nlled with a mixture of brandy and 
water, just suited to his taste. On having his honesty 
called in questiop, he declared that he had done no injury 
to any one, as he left the cask as full as he found it ! The 
student will perceive, that though culpable in morals, his 
principles of philosophy were correct. 

180. Water, when heated, expands. — ^Water, when 
heated, expands, and therefore becomes specifically 
lighter, and as a necessary consequence rises to the sur- 
face. Hence, a vessel of water may be gradually heated 
merely by having a tube extend from it to the fire, though 
it be at a considerable distance. The water in the tube 

is first heated, and ascends to 
the boiler or vessel to which the 
tube is connected ; and, at the 
same time, the cold water in 
the vessel descends in the tube, 
and is in its turn also heated. 
The apparatus answers better 
if there are two tubes, in one 
of which the cold water will 
descend, and the warm water 
ascend in the other. 

Let A be a vessel of water 
supported upon a stand two or 
more feet high, and let C D be 
a tube extending from the ves- 
sel, A, to the flame of the lamp, 
L, and then doubling and return- 
ing, the two ends being carefully 




HeattTig of Water 



with water, and then invert it, holding the mouth in alcohol, what would b* the result 1 
180. Why does water become lighter wheo heated 1 How maj a vessel of water be 
Deated by means of the piece of apparatus represented in the figure 1 
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soldered into the bottom of A. By the lamp, a portion 
of the water in the tube is heated, and rises in the part, 
D, a current of cold water at the same time descending 
in C, as shown by the arrows. In this way a cistern of 
water in the third or fourth story of a building is often 
kept heated by means of tubes extending from it to the 
fire in the kitchen in the first story. 
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181. Definition. — ^By the specific gravity of a body(is 
meant its weight when compared with water, whicn is 
adopted for the standard} When, therefore, we say of 
any substance, that its 4^pecific gravity is 2 or 5, we 
mean [that, bulk for bulk, that substance is twice or five 
times as heavy as water. Thus, the specific gravity of 
sulphur is 2; since, therefore, a cubic foot of water 
weighs(j62}|pound9, a cubic foot of sulphur would weigh 
twice as much, or 125 pounds. When we say the specific 
gravity of gold is a little more than 19, we mean that if 
equal bulks are taken, the gold will weigh a little more 
than 19 times as much as the water. 

Water has been agreed upon as the standard of com- 
parison for two principal reasons, viz., 1st. 7 In common 
with other liquids, it is much more convenient for use 
than a solid would be : and, 2d. ; it is more easily and 
cheaply obtained than any other liquid.) 

182. Method of finding Specific Gravities. — To deter- 
mine the specific gravity of a body, all that is wanted 
besides its own weight is the weight ofa quantity of pure 
water of precisely equal bulk with itself) Thus, if the 
bulk of the body is just a cubic inch, and it weighs 505 
grains, and we know the weight of this bulk of water to 
be 252^ grains, it is of course just twice as heavy as 

QimsvxoM 181. What i« meant by the specific gravity of a body 7 What is ineant 
wben we nythe specific gravity of a body is 2 or 6 1 Wb^t is thp weight of a cubic foot 
of water 1 what, then, most a cubic foot of sulphur weigh, the specific gravity of 
which ia 2t How is this found 1 Why is water talcen as the standard of specific 

Eivlty 1 182. What are wanted in order to determine the specific gravity of a body 1 
ving the weight of a body, and also the weight of an equal buU(' of water, how is the 

10* 
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water ; or, in other words, water being assumed as our 
standard, and its specific gravity called 1, then the specific 
gravity of the body in question is 2. Here, it will 
%e seen, that ^ we have divided the weight of a given bulk 
of a substance by the weight of an equal bulk of water, 
and the quotient we call the specific gravity of the 
body.) 

It remains, then, only to devise some easy method to 
find readily the weight of a quantity of water equal in 
volume to any substance, the specific gravity of which is 
to be determined ; and this, after what has been said in 
the pages immediately preceding, will not be diflficult. • It 
will only be necessary to weigh the body in the air, and 
then, when suspended by a fine thread or hair, in water ; 
and the loss of weight in the latter case will be the weight, 
of a quantity of water equal to itself in bulk*. (172.) 

183. To find the specific gravity of a solid heavier than 
water, then,'^r5^ weigh it in the air, and then, when sus- 
pended by a fine thready in water, subtract its weight in 
water from its weight in the air, and divide the latter by 
the difference, and the quotient will be the specific gravity 
required. 

Suppose a piece of copper to weigh in air 204.7 grains, 
and in water 181.7 ; subtracting the latter number from 
the former, we have 23 grains for its loss when weighed^ 
in water. Then dividing 204.7 by 23, we have 8.9,) 
which is the specific gravity of the copper. 

164. A balance prepared for determining the specific 
gravities of bodies, as above described, is called a hydros-^ 
tatic balance. It difiers from a common balance only in 
having the scale-pans suspended a little higher from the 
table to admit of small vessels of water being placed un- 
derneath, and also in having hooks attached to the under 
side of the scale-pans, to \vhich small substances may be 
suspended by means of a thread or horse-hair. 

That the results may be accurate, it is always neces- 

gpecific sravity of the body obtained 1 Having a solid bodj, bow may wc detennin* 
the weight of a (jaantity of water equal to it in volume 1 183. What if the rule viTeB fof 
finding the specific gravity of a solid 7 If a piece of copper weighs in the air 201.7 grains 
and in water 181.7 grains, what will be its specific gravity 1 184. What is the Ayrfrc* 
iQtie SiUmce 1 Must the water be pure that is used in 'talcing specific gravities f 
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sary that the water used in these operationsf should be 
perifectly pure, and also of the proper temperature, which 
is usually supposed to be 60^ Fahrenheit^ 

185. Specific Gravity of Liquids. — Th6 specific gravity 
of a liquid may be readily determined in several ways, 
one or two of which will be mentioned. / Let a phial with 
a small mouth be accurately balanced with weights, and 
then filled with pure water, and its weight ascertained. 
Then fill it with the liquid under examination, and again 
weigh it ; and divide the weight of the latter liquid by the 
weight of the water, and the quotient will be the specific 
gravity of the liquid as required, j 

If tne bottle is made to hold just IQOO srains of pure 
water, then the quantity of any other liquid which it will 
contain (in grains) will be its specific gravity. Thus, if 
such a bottle would hold just 796 grains of pure alcohol, 
then 796 would be its specific gravity, water being taken 
as 1000, or 0.796, water being 1. 

Suppose a bottle to be first accurately balanced in the 
scales by a weight, and then when filled with water to weigh 
625 grains, but when emptied and again filled with diluted 
sulphuric acid, to weigh 1000 grains ; it is plain we have 
by this means the weight of equal volumes of the two 
liquids, and to obtain the specific gravity of the acid we 
(have only to divide its weight (1000 grains) by the weight 
of the water J(625 grains.) Thus, 1 000 -;- 625 = 1 .6, which 
is the specific gravity of the acid. In like manner, if, 
when emptied and again filled with alcohol, it should be 
found to weigh 537.5 grains; then, 537.5-^-625=0.860, 
which is the specific gravity of the alcohol. If the bot- 
tle were made, as stated above, to hold precisely 1000 
grains of water, then the weight of any other liquid con- 
tained in it when filled, divided by 1000, would be the 
specific gravity of that liquid. Thus, if a bottle would 
hold 1600 grains of diluted sulphuric acid, then its specific 
gravity would be 1600h- 1000 = 1.6. (iSee Author'a 
Chemistry, "page 113.) 

QvMTioir 186. Whal !■ the first method mentioned for finding tKt •peeific graTlty of 
a liqnid 1 If the bottle were made io ae to hold jiut 1000 grama of water, what only 
«rouU be n^ceaaary in obtaining the apeoific grayity of a Uquid 1 
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186. The Hydrometer, — An instrument called a hy- 

. drometer is also used for this purpose?, ^«We have seen 

^169) that when a body is immersed in a liquid heavier 

than itself, it sinks until il; displaces a quantity of the 

liquid equal to itself in weight. The same 

. xar solid, therefore, must sink deeper in liquids 

: that are light than in those that are heavier:^ 

i ■ and by having the solid of a convenient form' 

+ ^ and properly marked, in jaccordance with the 

results of previous trials,\he dq)th to which it 

O sinks in any liquid may be made to indicate 
with considerable accuracy the specific grav- 
ity of that liquid?) 
The hydrometer may be made of metal, but 
is usually glass. Its usual form is seen in the 
accompanying cut. C is a bulb filled with 
_ air to make it buoyant, while the bulb B is 

Bydrometer. nearly filled with shot or mercury(to make it 
take the proper position when immersed in a 
liquidy The stem. A, is a glass tube, containing in it a 
piece of paper fixed to the glass by a piece of seaUng-wax 
or other substance, and having marked upon it the points, 
determined by previous trial, to which the instrument 
will sink in liquids of particular specific gravities. The 
marks may be made upon the stem A itself, and thus the 
paper be dispensed with. Sometimes, instead of the 
graduated stem, weights are used which are so constructed 
as to be readily attached to the instrument. (The weight 
required to sink the instrument to a given fixed point in 
this case indicates the specific irravity of the liquid un- 
der examination^ ^ ^ ^ ^ 

The above description is designed merely to illustrate 
the principle on which the instrument is constructed ; 
the scales are often differently graduated. In the instru- 
ment figured in the margin, the specific gravities are ' 
directly marked upon the scale. Thus, when the instru- 
ment sinks in a liquid to 1, this is its specific gravity ; in 




QuBSTioK 186. What is the desisn of the hydrometer 7 How is it used 1 Why does 
It sink deeper in a light liquid than In a heavy one 1 How Is the hydrometer con* 
etructed 1 Why is it loaded with mercury or shot ? How is the speciflo gravity of a 
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liquids of the specific gravity 1.5, 1.8, or 0.7, it wil] sink 

to the points thus marked respectively. 

The different specific gravities of two liquids 
may be very satisfactorily shown by balancing 
them against each other in a bent tube. Let 
A B C be a bent tube of rather smail bore, hav- 
ing the two upright parts carefully graduated 
to tenths of an inch; then let the horizontal 

f)art, C, be filled with the heavier of the two 
iquids which are to be comparedi and which 
must be supposed of such a nature as not 
readily to mix; as, for instance, water and 
mercury, or water and oil. We will suppose 
water and mercury are the two liquids to be 
compared ; after filling very accurately the part C with 
mercury, water is to be poured into one end of the tube, 
and mercury into the other, care bein^ taken all the time 
to keep the horizontal part of the tube just filled with 
mercury, and not allowing it to rise in the part contain- 
ing the water, or the water to stand in the horizontal 
part C. If this precaution is observed, it will make no 
difference how high the perpendicular parts of the tube 
are filled ; but it will always be found that the perpen- 
dicular column of water will be 13^ times that of the 
mercurial column, for the reason that mercury is 13^ 
times heavier than water^ ^If the column of mercury is 2 
inches in height, the coltimn of water to balance it must 
be 27 inches, and in the same proportion for any other 
height.^ If water and oil were used — an oil, for instance, 
of the specific gravity 0.8 — then, observing the same pre- 
cautions as be^re, when the column of water is 8 inches 
in height, that of the oil will be 10 inches ; and so of any 
other height. 

187. It is often desirable, when we know the specific 
gravity of a body, to be able to find from this the abso- 
lute weight of a given mass of it, as a cubic inch or cubic 

Bqaid shown by the hydrometer 1 If two columos of liquids of ditfereot specific gravi* 
tiei ere mads to balance each other in the upright parts of a tube bent in the form repre* 
seated in the figure, what will be their comparatiye lengths') If mercury and water 
are used, what will be the length of the column of water when that of mercury is 3 
ncheel What is the cstplanationl 187. If we know the specific gravity of a rody. 
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foot. This is done by multiplying the weight of a cubic 
inch or foot of water by the specific gravity of the sub- 
stance in question ) (181.) A cubic inch of water at 60^ 
Fahr. weighs 2521^ grains ; the weight of a cubic inch of 
sulphur, therefore, the specific gravity of which is 2, will 
be found by multiplving 252| by 2, which will give as 
the product 505. The weight of a cubic inch of sulphur 
is then 505 grains. The weight of a cubic foot of water 
at 60^ Fahr. is just 1000 ounces -avoirdupois, or 62| 
pounds. The specific gravity of platinum being about 
21.47ths, the weight of a cubic foot of this metal is 
(21.47 X 1000=21,470) 21,470 avoirdupois ounces, or(l342 
pounds nearly. 

188. It win be recollected we have in our remarks 
considered the specific gravity of water^to be unity, or 1 ;J 
in many works this is taken at 1000 ; but this is of little 
consequence, as to change the numbers we have given 
into what would be required on this supposition, it is 
• necessary only to multiply them by 1000, or, which is the 
same thing, remove the decimal point three places to tht 
right. ^ Thus, the specific gravity of platinum, water be 
inc^lOOO, will be 21,470, instead of 21.47, as given above. 

By means of the specific gravities of bodies their stati 
of purity may often be determined, and adulterations de- 
tected, which are so frequently made with the design to 
defraud; i,Thus, gold may be alloyed with a mixture of 
copper and silver, so as to form a compound that will re- 
semble the pure metal almost perfectly in most of its 
properties except the specific gravity, which of course 
would be too low. \ So, milk and oil, and spirits of every 
kind, are constanflv more or less adulterated, and the 
mixture sold for tne pure article ; but, by testing the 
specific gravity, the imposition can usually be detected. 
.The lactometer, for determining the purity of milky and 
the oleometer, for ascertaining tne purity of oil, are only 

how may we determine the weight of a cubic foot or a cubic inch 1 The fpeeifio 
gravitT of platinum being 21.47, and a cubic foot of water weighing 1000 ounces, or 62| 
pounds, what will be the weight of a cimc foot of platinum 1 188. What have we ttm> 
8id«red thfi specific gravity of water 1 If the specific grayity of water is taken at 
1000, what change onlj is necessary in the numbers given 1 May we often determine 
whether a substance is pure or not by means of its specific gravity ? How is this 
illustrated by reference to gold ? What is a lactometer 7 What is an oleometer 7 
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modifications of the hydrometer (186) to adapt them to 
their specific purposes. 

189. Specific Gravity of Gases. — The specific ^avity 
of a gas is determined o^ weighing a portion of it in a 
vessel of known capacity, but in this case /atmospheric 
air,ynd not water, is taken as the standard. Vw 

£et a flask of suitable size be provided with a good 
faucet and then weighed, first when filled with air, and 
then after being exhausted of air by means of the air- 
pump. The difference will show the weight of the air it 
contained. Then,(let it be filled with the gas in question, 
and again weighed, and from this subtract the weight of 
the flask, and we have the weight of the gas that was in 
it Divide this last by the wei^t of the air first obtained, 
and the Quotient will be the specific gravity of the gas, as 
required.A Let us suppose we have a flask fitted with a 
suitable faucet, which will contain just 28 grains of at- 
mospheric air, but only 27 grains of nitrogen gas. Then, 
27-f-28=:.964Which is nearly the proper specific gravity 
of this substance. ' {For further remarks on this subject, 
see Author's Chemistry, page 113.) 

.1.. 

^TD&AULICSJ 

190. Hydratdics is the branch of Hydrostatics which 
treats of the various phenomena of the motions of 
liquids., 

191/ Motion of Liquids through Apertures, — ^When a 
small hole is made in the side of a vessel filled with a 
liquid, a stream is seen to isifiue from it with more or less 
velocity, depending upon circumstances which are now 
to be noticed. (The force that puts the liquid in motion I 

QimiTiON 189. What is made the standard of specifie grayity for the gases ? Win 
a flask weigh less when exhausted than when nlled with air 1 How is the specific 
gKTitjr of a gas found 1 If a flask is capable of holding 28 grains of air, but only 27 
grains of nitrogen, what must be the specinc gravity of this gas 1 190. Of what does the 
Drandi of science called BydrauUca treat 1 191. Why does the water rash from a 
▼esMl filled with water when a hole fs made in the side 1 Must there have been a 
cooMant pressure agilnst the part beforeMhe hole was made? To what is this pros- 
■on proportional 1 



118 NATURAL PBILOSOPBir. 

must, before the orifice was made, have caused i constan 
pressure against the portion of the vessel rem&vedi in 
other words, it is the general pressure of the liquid. 
This pressure we koowt to be proportional to the perpen- 
dicular depth below the surface of the liquid, (156 ,) and 
we may here infer that the lower the orifice is below the 
level of the liquid, the greater will be the violence with 
which the liquid will issue. 

193. It is found by experiment that the quantities of 
liquid which escape from orifices of the same size at dif- 
ferent depths, other things being the same, are as the 
square roots of these depths. 

Thus, let ABCD be a vessel with 
perpendicular sides, filled with water, 
having 6rifices of the same size at E, 
one foot below the surface ; at F, four 
feet ; and D, nine feet below the surface ; 
and let it be supposed that the vessel ia 
all the time kept quite full by pouring in 
water at the top as it issues from the 
orifices below. Then, it is found hy 
accurate experiment, that, in a given 
time, as a minute, twice as much water 
will escape at F as at E ; and at D, three 
jwt )f iijKW. times as much. But 2 is the square root 
of 4, and 3 the square root of 9 ; there- 
fore, as above stated, the quantities of 
water discharged at the different orifices are as the square 
roots of the distances respectively beneath the surface. 
Now, as the orifices are e^l of the same size, it is plain 
that the velocities of the several streams must be exactly 
proportional to the quantities of water issuing in a inven 
time. Thus, the velocity of the stream from F will be 
twice that of the stream irom E, &c. To obtain a four- 
fold quantity of water, and therefore a fourfold velocity, 




QcHTioH 192 ir KTCisl oriflMi an n»d« al dlff 
Ibcufolil lelDcilj, wnu muM Iha dcptb be 1 Whai ri 



oirtWcE, wbikt will bo thji rel«liT« 

lutllin diKluiiEed 1 To obuin * 
I Db»ld ■ BTcfoEl TdocUr T WU 
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the orifice would have to be made 16 feet below thS sur- 
face ; and to produce a fivefold velocity, it must be 25 
feet beneath the surface, and so on. 

We have seen, heretofore, that the spaces passed over 
by a falling body are as the squares of the times, and also 
tne squares of the final velocities ; it therefore follows 
that the velocities (and also the times) are as the square 
roots of the spaces passed over. 

It will therefore be evident that the velocity with which 
a liquid issues from an orifice will be the same as that a 
heavy body would acquire in falling the distance from the 
surface of the liquid to the orifice. 

If two vessels, precisely alike, with similar orifices at 
the bottom, are filled with water, and one is allowed to 
empty itself, but the other kept constantly full by the ad- 
dition of fresh fluid, when the water is all discharged 
from the former, it will be found that just twice as much 
has escaped from the latter as from the former. 

This, it will be perceived, is a necessary result from 
the principles above developed, in connection with the 
law that a falling body in any given time traverses just 
half the distance it would pass through in the same time, 
if moving uniformly with its final velocity (77.) 

193. It follows from these prin- 
ciples, also, that if an orifice is 
made upward, the issuing jet 
should rise just as high as the sur- 
face ; since a body projected per- 
pendicularly upward will rise pre- 
cisely to the same height as the 
distance it would have fallen by 
the force of gravity in the same 
time. JiCt AB be a cistern of 
water, with tubes at different dis- 
tances beneath the surface, having 
their mouths bent upward, as E, 
jefd'Emu. ^> ^^^ C; then the jets issuing 

'die Telocity with which a liquid isaaee from an orifice be eonal to that a heary body 
would acquire in Iklling from the euilace to the orifice 1 193. If an orifice open up* 
ward, bow hiah abonld the Jet rite 1 Why will not the water riae aa high aa the aurikca 
•fUiereaerroirl 
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Irom^liem should rise just to the surface of the water 
fiut this is found not to be precisely the case when the 
experiment is made, as the liquid is considerably retarded 
by friction against the sides of the orifice, and by the 
resistance ofthe air. 

194. The jet of 7 inches diameter from the inverted 
syphon through which the water of the Croton aqueduct 
crosses under Harlem River, 9 miles from the city of New 
York, aSbrds a good opportunity to make the experiment 
on a large scale. The orifice, according to Mr. Tower, 
is 130 feet below the surface of the water in the aqueduct 
on the bank of the river above ; but the water rises in the 
jet only about 115 feet. 

195. The distance to which 
water will spout from hori- 
zontal jets, at different depths 
below the surface, will be 
greatest in those which are 
midway between the top and 
bottom. Thus, a jet from D 
will strike the ground at a 
greater distance irom the cis- 
tern AB, than one issuing 
j^d-Em. giiher from C or E. 

106. The c^uantity of water 
that will be discharged from an orifice in a given time 
depends considerably upon the nature of the orifice. 
Tlius, if an aperture of a given size be made in a vessel of 
sheet-iron, it is found that it will not discharge as much 
water as if the sides were thicker ; or, which is still better, 
if a short tube were inserted jvst even with the inner sur- 
face ofthe vessel. The reason of the difference is no doubt 
to be attributed to the partially opposing cross-currents 
that are more liable to be found in the case of a vessel 
with thin sides and without a tube. 
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107. Friction of Liquids against Solids. — The above 
remarks apply only to pipes of very moderate length in 
proportion to their diameter ; the enect of lone pipes is 
always to retard the flow of water by reason of the firic- 
tion against their sides. And this retardation by friction 
is proportionally greater in small pipes than in large ones, 
so that a pipe 2 inches in diameter will discharge in a 
given time 5 times as much water as one onl^ 1 inch in 
diameter. Were it not for the greater friction, propor- 
tionally, of the small pipe, the larger would discharge only 4 
times as much as the smaller; or, the quantities discharged 
would be proportional to the areas of their sections. 

198. Water in rivers and canals is much retarded in 
its course by friction against the bottom and sides, so 
that the motion is much the most rapid at the surface and 
in the middle of the stream. The resistance is also very 
much increased by the great unevenness of the surface 
over which the water glides, and by obstacles, as stones 
and other heavy bodies, lying at the bottom ; so that the 
velocity of water in rivers is always greatly less than it 
otherwise would be. 

Sudden turns in the course of pipes conveying water, 
and in the course of rivers, operate also to retard the 
water very much. 

199. Motion of Solids in Liquids, — A solid in motion 
through a liquid meets with much resistance from it, pro- 
portional to its size and form. A piece of board, it is 
well known, requires much more force to move it through 
water when its flat side is presented in the direction of its 
motion, than when it is moved in the direction of its edge. 

The oarsman, in plying his boat, always keeps the flat 
surface of the blade of his oar in the direction in which 
he pulls ; but on removing his oar from the water he pre- 
sents the edge in the direction in which it is to move. 

The sailing of a ship depends much upon her form, on 

account of Uie resistance of the water ; and great effort 

' — ^ 

QmuTiOH 197. To what pipei only do€S the explanation apply 1 la there any friction 
btCween iiquida and solids 1 How much more water will a pipe 2 inches in diameter 
4S«ebarfe tnan a tube only 1 inch in diameter 1 198. Is water retarded in rivers and 
canals 1 U the motion of the water most rapid at the top or bottom 1 199. In what 
direction may a piece of board be moved through the water with the least resistance 1 
Poca the sailing of a nhip depend upon her form 1 Must r^ard be paid to the form ot 
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has been made to determine the form in which this re- 
sistance shall be the least possible. To attain this object, it 
is found that regard must be had to the shape, not only of 
the forward part or bow of the ship, which is presented 

' in the direction of her motion, but also to that of her 
stem. This must be of such a form that the water may 
readily and freely close around her as she glides through 
it, else a great depression of the surface wifi be observed 
immediately behind her, below the common level, in con- 
sequence of which much of the propelling force, whether 
it be wind or steam power, wUl be lost. The resistance 

. of the. water to a vessel moving through it increases 
rapidly with the speed. If it requires s certain force to 
propel a ship 5 miles an hour, it requires much more than 
double the force to propel her at double this speed ; and 
so of any other proportion. 

300. Water Wheels. — Water has been used as a power 
for propelling machinery from a very early period. For 
this purpose it is u^ed in two modes, either by causing it 
to act simply by its weight on the circumference m a 
wheel, or by the impulse of its motion when issuing from 
under strong pressure. Sometimes these two modes are 
combined. 

201. The Breast W?teel is perhaps used as much at the 
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present time as any other ; a eection of it perpendicular 
to the axis ia represented in the figure. The water acts 
upon it entirely by its weight. 

This wheel (wmch may be of any length) ia constructed 
with boxes, or buckets around its circuniference, which 
on one side are upright, and receive the water, but pas- 
sing downw^d are emptied at the lowest point and as- 
cend on the other side in an invert^ position. 

202. The Undershot Wheel, as it is called, is represented 
in the next figure, by a section perpendicular to the axis as 
before. In this wheel the buckets are simply flat boards. 
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(called float boards,) that are placed at equal distances 
around the rim, and receive the impulse of the water 

r'nst their flat surfaces, as it issues from the reservoir 
^e. 
In this wheel, it will ix seen, that the water acts simply 
by its momentum, and not by its weight, as in the pre- 
ceding case. 

This kind of wheel is sometimes called a tide, or stream- 
Wfheel, and ia said to be the oldest construction in use. 
i 203. The Overshot Wheel is so called from the mode 
in which the water is received upon it. A section of it 
perpendicular to the axis is represented in the figure. 
As in the breast wheel, around tne circumference water- 
tight buckets are constructed which receive the water 
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at the top from a flume, 
and descend ; but, on 
reaching the bottom, 
they are emptied, and 
ascend in an inverted 
position on the oppo- 
site side. 

In this wheel the 
water acts chiefly by 
its weight, as in the 
breast wheel, but it may 
produce some effect al- 
80 by its momentum. 

204. A waterwheel, 
called the tubtaheel, ia 
much used in flouring 
and other mills in this 
eoantry. ( It receives its name from the fact thatCit con- 
sists of a large tub without a bottom, in the inside .of 
which, on the arms, ihe Jloat-boards are placed, the wheel 
bein^ in a horizontal position, and having the shaft per- 
pendicular. The water is conveyed to Uie wheel by a 
flume or sluice-way, and acts solely by its impulse. 

The Reaction WaterWkeel is represented m the ac- 
companying figure. It receives its name from the facf 
that it IS propelled by the reaction of the water as it 
escapes from the wheel. A B is the wheel, which is a 
hollow iron box having ita extremities turned in opposite 
directions, and terminating in openings from which the 
water makes its escape. The water is conveyed to the 
under side of the wheel by the pipe P, which is represented 
in the figure as made of cast-iron, but may be made of 
wood. It extends from the reservoir above, not seen in 
the figure, and at the bottom passes under the stone-work, 
as shown by the dotted lines. S is a shaft with a wheel 
above to which, machinery may be connected. The 
frame, F, is usually protected by stone-work, or by other 
means, to give it the proper firmness. 

Wheels of this kind are made of twenty-horse power. 

itiiHTiaii. SM, How !■ ihc 7Vtiii*H( 
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305. Pumps. — Most machines DOw in lue for raising 
water act in part at least by atmospheric pressure, and 
will therefore be considered in the Chapter on Pneumatics ; 
but one or two will claim to be noticed here. 

The Cochleon, or screw of Archimedes, seems to have 
been one of the earliest inventions of man for this pur* 
po8e. It consists.of a tube wound round in the form of a 
spiral, and placed in an inclined position, as represented 
in the figure. 

The mclination must be so great that the parts B, P, 
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P, H;^ K, shall be lower than the parts A, C, E, &c. If, 
therefore, portions of liquid are contMned at the former 
poiats, it will not escape, since these parts of the tube 
constitute dish-like cavities capable of retaining it. Let 
us suppose the tube fixed on an axis to be turned as 
if to screw it down, while the lower end is immersed in 
water ; a portion will enter at A and pass on to B, as 
down an inclined plane. But as it turns, the part B, 
keeping its same position with reference to the water 
contained in its cavity, will gradually rise to c, and so oa 
to D, while another whirl of the spiral will take its place 
at B. Thus, a portion of water will be carried or screwed 
up quite to the top, to be there discharged. At the same 
time, other portions will be ascending in the several 
whirls of the spiral, each in turn delivering its portion of 
the fluid. 

206. The Centrifugal 
Pump is an instrument 
for Raising water by means 
of the centrifugal force 
which is given to a. column 
of it.* Let A B be a solid 
piece of timber, and C D 
a tube attached to arms 

Iirojecting from it; and 
et the whole stand in 
water supported upon a 
pivot on which it may 
turn. If it is now made 
to turn rapidly, such a 
centrifugal force will be 
given to the column of 
water in the tube CD, 
Cnif^twoi Pu»v. that it will be thrown 

from the mouth D in 
every direction with great violence. 
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The Chain Pump, which has re- 
cently come much into use in this 
country, is simply an endless chain 
with numerous discs of metal placed 
on it at equal distances, and sus- 
pended upon a wheel, W, in such a 
manner that one side of it is inclosed 
in a tube, T, having its lower end in 
the water. The tube must be of 
such a size as to allow the chain 
with its discs to pass freely through 
it, as the wheel is turned by the 
hand by means of a crank. A 
second wheel is placed belo9^ the 
surface of the water merely to regu- 
late the motion of the chain. 



CHAPTER III. 



PNEUMATICS. ^ 

PROPBRTIB8 OF THB A IK.— AIR PUMP. 

207. Pneumatics (from the Greek, pneuma, air or 
breath) Us the science which treats of the mechanical 
properties of atmospheric air and other gaseous bodies.^ 

The earth is constantly surrounded by a great mass 
of gaseous matter, called the atmosphere or atmospheric 
air, which extends a considerable distance above its sur- 
face. \ Its presence, when it is perfectly at rest, is scarcely 



QrasTioN. Describe the Chain Pump. 2G7. Of what does the acience of Pneumatte^ 
treat 1 Bj what Is the earth conitantlj surrounded ? Whj is not the presvire of the 
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perceptible ; bat, if we attempt to move the hand or a fan 
rapidly through it, it manifests itself by its resistance, and 
by the motion which is communicated to it. It obeys 
laws very similar to those treated of in the preceding 
chapter, but not precisely the same, as air is considered 
perfectly elastic. 

The various other gases, besides atmospheric air, have 
the same mechanical properties ; and the remarks made 
in this chapter concerning atmospheric air may, in gene- 
ral, be considered as applying equally to them. 

208. Properties of Air, — ^Air is a material substance, 
and possesses all the properties of matter, as impenetra- 
bility (9,) weight, inertia, &c. It has also a very feeble 
blue color, as is evident from its causing distant hills and 
mountains to appear of this color. Other gases also 
possess color, as chlorine, which is green. 

The atmosphere which surrounds the earth, as well as 
solids and liquids upon its surface, is retained there by its 
gravity or weight. This will be made evident as we 
proceed. 

209. (It is the resistance, occasioned by the inertia of 
air,' that causes all bodies which are put in motion in it 
gradually to come to a state of rest. 

This property is well 
illustrated by the following 
apparatus. (^A and B are 
two separate movable axes, 
each having four fans or. 
vanes composed of thin slips 
of brass inserted in it by one 
end. In one of them, A, 
they are inserted edgewise ; 
that is, so that when the 
axis is turned, the edges are 
presented in the direction 
of the motion ; but in B, they are inserted so that the 




atmosphere perceptible 1 Doei It obeytbe Mine laws aa Ifqulda? Are there cKiier 
gaaea beaidea atmoapberie air 1 Haye all the aame meehaoieaf properties 1 208. Is air 
material 1 Has it the properties of matter, as weight, impenetrability, inertia, *e. 1 
How ia the air retained npon the earth 1 SOd. Why do bodiea pat in motion in the air 
soon eome to a state of rest 1 How isthis shown by means of (he apparatus represented 
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faces are presented in the direction of the motion. C 
and D are two springs of equal strength which are made 
to act against pins in the axes A and B, and turn them, 
a sUder, not represented in the figure, . holding them in 
place until every thing is in readiness. { By means of the 
slider, both are set in motion at the same time, and with 
equal velocities ; but as the resistance of the air to B is 
much greater than to A, in consequence of the different 
positions of the vanes, it comes to rest much sooner than 
the other, j If, however, they are placed under the re- 
ceiver of zxi air-pump, and the air exhausted, they will be 
found, iq^on being again put in motion as before, to move 
with equkl velocities, and to continue in motion the same 
length of time, ^t is because of this property of the air 
that birds are able to raise themselves in it, by means of 
their wings, above the surface of the earth. The win^ 
being spread and struck on the broad surface of the au: 
beneath them, are resisted by the inertia of the air, which 
forms a fulcrum or prop, on which the bird rises by the 
" leverage of its wings.*' 

210^As the lower parts of the atmosphere must con- 
stantlySustain the weight of the upper pK)rti(Hi, they are. 
pressed together with great force, and their density much 
increased. < As we ascend above the surface, the density 
of the air rapidly diminishes, and at the height of about 3 
miles is reduced to one-half; at the height of 6 miles, to 
one-quarter ; and at the height of 9 miles, to only one- 
eighth of its density at the level of the sea. (It extends to 
the height of about 40 or 45 miles^ but if it had a uniform 
densitv equal to its density at the surface, its height would 
be only about ^ miled\ The whole mass of the atmos- 
phere surroundmg the earth is computed to be equal to 
that of a sphere of lead a little more than 60 miles in 
diameter ; upon the supposition that the earth is a perfect 
sphere, 8000 miles in diameter, and that the height of the 



n the fifiire 1 Wky do both fims more eqaalhr long in the ezliaosted receiver, thoogh 
0oe atOM mnch before the other when nuMie to revolve in the open air ? By wlut 
UMiane cb birds snetain themeelvee in the air 1 What servea as a prop for their wings 1 
sno. Wbv are the lower parts of the air more dense than the more elevated portions t 
What is the dansity of the air at the heifht of 3 miles % What at the height of 9 miles 1 
^w Ugh does the atmosphere extend 7 If the whole atmoq)here was reduced to a 
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atmosphere, if it was of uniform density, would be, aa 
above stated, 5 miles. The specific gravity of lead and 
air are taken as they are set down in recent approved 
tables. The student who has some knowledge of mathe- 
matics will find the calculation a pleasing and not a 
tedious operation. 

211. We have seen above (14) that though the at- 
traction of cohesion among the particles of liquids i& 
small, yet it is not altogether wanting ; but the particles 
of aeriform fluids, so far from showing any attraction for, 
actually repel each other, and are kept together or in the 

.close vicinitv of each other, only by external pressure. 
A mass of air, therefore, always expands as soon as any 
portion of the pressure to which it is subjected is removed. 

212. Wind is air in more or less rapid motion, and, 
like other bodies, its force depends upon the quantity put 
in motion and its speed (95.) The efiects of this force 
are seen in the motion of ships which are propelled by it 
throuffh the sea, in the motion of the windmill, and in the 
terrible devastations of .the hurricane, as it sweeps before 
it trees, and buildings, and every thing movaole with 
which it comes in contact. 

The weight of the air present in any given space, as 
an apartment in a building, is much greater than most 

1)ersons generally suppose. Suppose a gentleman's par- 
or to be 20 feet s(]^uare and 12 feet high, taking the 
weight of 100 cubic inches of air at 31 grains, (the true 
weight is 31.01 grains,) the weight of the whole air in the 
room will be ^ found, on calculation, to be more than 367 
pounds avoirdupois. Let the student make the estimate. 
^213. The Air Pwrnp.— CThe air-pump is an instrument 
f^ exhausting the air from vessels prepared for the pur- 
pose. ^ It is indispensable for demonstrating the various 
properties of the air and iother gases ; and we therefore 
give a description of it before proceeding further. 

aniform densitT equal to t))at at the tmrface, what woaU be it« heiffhtl What would be 
the diameter of a solid /lobe of lead to contain the same amount oimatter as is contained 
In the atmosphere 1 211. Is there any cohesion among the particles of aif ? What only 
keeps the particles in the vicinity of each other 1 What is uways the effect of remoring 
the pressure upon a volume of air ? 212. What is wind 1 In what do we se« its eilectel 
What is the quantity of ah- ordinarily present to a room 20 feet square and 12 feet hjch 1 
Va. Describe the figure in this parafraph. How Is the air-pump constructed t 
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To illustrate the principle upon 
which this instrument operates, let C, 
in the accompanying figure, be a glass 
globe with a larse neck of glass, A B, 
of equal bore &om end to end, and 
having a piece of metal, D, accurately 
fitting the inside, firmly cemented in 
its place, as shown in the figure. In 
the centre of this is a small hole with 
a valve, c, made of leather, which 
opens upward, but when down accu- 
rately closes the opening. (1? is a pis- 
ton, which fits accurately inside the 
glass, and has in it a small aperture 
with a valve, b, opening upward, and is 
moved upward and downward by 
means of the handle abovej 

Now let us suppose this piston in- 
serted at the top and pressed down- 
ward, the air would be forced down be- 
fore it into.the globe, C, but for the valve, a, which prevents 
its passage ; it must, therefore, be condensed under the 
piston until it acquires sufiUcient elasticity to lift the valve, 
b, which it eventually does, and thus escapes. When the 
piston has reached the bottom the valve, 6, closes by its 
own weight, and as the piston is again raised, a vacuum 
is produced beneath it into which the air in the globe 
rises by its own elasticity, which is sufficient to lift the 
small valve, a. When the piston again descends, the 
lower valve, a, closes, and the air in the barrel is con- 
densed, until it becomes equal in density to the surround- 
ing atmosphere ; the further descent of the piston will 
then cause the upper valve, 6, contained in it, to open 
and allow the air below it to escape. As the piston again 
ascends, a further expansion of the air in the vessel, C, 
takes place to fill the oarrel by the opening of the lower 
valve ; and thus, by the working of the piston, successive 



Air Pump. ^ 



Does the air-ptunp remove all the air from a Teasel ? Why can it not produce a perfect 
▼aemun 1 votM the qnantitr removed by each elevation of the piston conetantiy dimbv 
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portions of the air io C are removed, until at length its 
elasticity becomes so feeble, by reason of the small quan- 
ity which remains within, that it is incapable of lifting 
the valve, a, when of course the further exhaustion must 
cease. It will be seen, therefore, that the air-pump is in- 
capable of produoing a perfect vacuum. «^ 

214. We have supposed the globe, C, and barrel, AB, 
in the above, to be made of one piece, but this is not 
usual. The part A B is generally made of metal, with a 
screw at the bottom by which it may be connected with 
a vessel which ia to be eichausted. The instrument in 
this simple form is called an exhaustiiig syringe. 

315. Such an air-pump, as described above, would be 
effectual, but of course slow, in its operation. In order 
to make the instrument exhaust more rapidly, and to adapt 
it better for use, it is generally made witn two barrels, 
and provided with other conveniences, as described below. 
The first of the 
accompanying figures 
represents air air-pump 
of the ordinary con- 
struction. A A are the 
two barrels provided 
with valves and pistons 
precisely like that rep- 
resented above. \k.X 
the bottom they con- 
nect with a small tube, 
which ^is concealed 
from view, but extends 
in to the centre of the 
large circular plate, C, 
so that when the pump 
is worked, the air ts 
drawn in at the aper- 
ture in the centre. The 
surface of this plate is 
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ground perfectly plain and smooth, so as to make an air- 
tight joint with a glass receiver, R (in the next figure,) 
which has its lower edge ground and polished in a similar 

manner. In this last figure, I is the 
tube which extends from the centre, 
C, of the plate to the barrels, and 
connects with them underneath. 
By the side of the barrels, A A, are 
two pillars, BB, screwed firmly 
into the board which constitutes 
the base of the instrument, and de- 
signed to support a V concealed 
toothed wheel that, by means of 
the handle, works the piston-rods, seen at the top of the 
figure. In front of the barrels is a small stop-cock, not 
shown in the figure, which opens into the tube, I, to let 
in the air when necessary, after an exhaustion has been 
produced. {When any substance is to be submitted to 
experiment, it is put on the plate, C, the receiver placed 
over it, and the air exhausted. 

To enable the operator to exhaust the air from vessels 
of other forms, besides that of the receiver, R, described 
above, /a thread is usually cut in the hole, C, in the centre 
of the plate, into which a tube may be screwed. 

The air-pump has, from time to time, been constructed 
in a great variety of forms besides the above, which, 
however, fully illustrates the principles on which it 
acts. 

216. The Condensing Syringe is the converse of the ex- 
hausting syringe, or air-pump above described, and is 
desimied to condense the air or increase its density. 

Tnis instrument^ is made in a manner very similar to 
the exhausting syringe, described above, but with, a 
solid piston,. and having the lower valve to open down- 
ward. A section of it through the centre, with a screw 
at bottom to connect it with the vessel into which 



air^liainp ? How are the pistons worked 1 Where is the substence pifteed that is to be 
snlMiiittea to experiment 1 How may other vessels be connected with the pnmp so as 
ro bsTe the air ezhaosted from them ? 216. What is the design of the CondtnMinf 
Syringe 7 How is it constructed t In what direction must the f alve open 1 
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the air is to be condensed, is represented in 
the figure in the margin. It consists of a 
tube, or barrel of brass, furnished at the bot- 
tom with a valve, E, which opens downward, 
and having a small aperture in the side at A. 
The pislon, B, as above stated, is solid, and 
when it is pressed down it forces the air in 
the barrel through the valve, E. On raising 
it, the air is prevented from following it by 
the closing of the valve, E, and a vacuum is 
formed until it reaches the aperture. A, vaben 
a fresh portion of air enters, to be in turn 
forced through the valve, E. 

By means of these two pieces of apparatus, 
all the important experiments illustrating the 
general properties of gaseous bodies may be 
performed. 



317. As the atr is confined to'the earth by its gravity 
or weight (208,) it must of course press upon the earth a 
surface precisely as any other substance would. This 
pressure may be shown, and its amount accurately ascer 
lained, by several very simple experiments. 

218. If a glass of the form of B, 
in the accompanying figure, having 
a piece of bladder. A, tied over it 
when wet, and then allowed to dry, 
is placed upon the plate of the air- 
pump, and the air gradually ex- 
hausted, the piece of iSadder will at 
first be seen to curve downward by 
the pressure above, and at length 
it will give way with a loud report. 
If, instead of the piece of bladder. 
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A, the palm of the hand be placed on the glass, upon the 
exhaustion of the air from beneath, it will be held down 
with such a force as to make it difficult to remove it with- 
out first readmitting the air. 

If a piece of thin plate glass were used,(^it would be in- 
capable of resisting the pressure, and would be broken j 

219. In these experiments, before the exhaustion of the 
air from the glass receiver, the downward pressure upon 
the piece of bladder or upon the hand, is of course the 
same as afterward i^ut it is counterbalanced by the up- 
ward pressure of the air within^; when this is removed, 
the efiects of the downward pressure are seen as above 
shown. 

If a glass tube, A B, closed at one end, 
be partly filled with water, and the finger 
held upon the open end to prevent the 
escape of the water until it can be inverted 
and immersed in a vessel, C, of the same 
liquid, upon the removal of the finger it 
will be found the water will not fall to the 
surface of the liquid, D E, in the vessel, but 
will remain suspended in the tube, as at m. 
220. If the tube, instead of being partlv 
filled 'in this manner, had been open at both 
ends, and connected with an air-pump, as 
the air was exhausted the water would 
gradually rise in it until it was quite filled, provided its 
perpendicular height should not be greater than about 33 
feet. If the air were again admitted, the water would 
instantly fall to its former level. 

Now, the standing of the water in the tube in the first 
of these experiments above the level of that in the vessel, 
and its gradual rise in the tube in the second experiment, 
are occasioned by the pressure of the atmosphere on the 
surface of the water without the tube. In the last experi- 
ment, before the exhaustion is commenced, the air presses 

Q,vuTiQV 219. What if the pahn of the hand were used ? Why is not this downward 
pressure ordinarily perceptible ? If a glass tube closed at one end is partly filled with 
water, and the flnger held upon the open end until it cas be inverted and held in a ves* 
•el of water, why does not the water fall upon tbe removal of the finger 1 2S0. If the 
tabs was open at both ends, and connected by another tube with the air>piimp, whiU 
would be '' he effect of exhausting the air 1 What is the pause of the standing of the, 
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on the surface of the water equally both within and with- 
out the tube ; but as soon as the exhaustion of the air in 
the tube is commenced, the greater pressure on the sur- 
face of the water outside forces a portion to enter the 
tube to supply the place of the air that has been removed. 
When the water has risen to the height of about 33 or 34 
feet, the column is just balanced by the atmospheric pres- 
siire, and no exhaustion will produce any further ascent. 
221.^ If ^ liquid lighter than water be used, it will rise 
higher than water, in proportion as its specific gravity is 
less. 

So, also, the height to which liquids heavier than water 
can be made to rise, will be less than 34 feet, in propor- 
tion as their specific gravity is greater than that of water. 
222. This is well illustrated in the case of mercury, 
which is about 13^ times as dense as water. Thus, 34 

feet, or 408 inches, divided bv 13|, gives 
30| inches, which is about the height to 
v^hich mercuiy will usually be found to rise. 
223. The column of water sustained by 
the atmospheric pressure is so high (33 or 
34 feet,) that it is not easy to make the ex- 
periment, but with mercury it is otherwise, 
and our conclusions may very readily be 
put to the test. 

Having procured a tube of glass, as A B, 
not less than 33 inches in length, and closed 
at one end, fill it quite full of pure and clean 
mercury, and then pressing firmly against 
the open end with the finger to prevent the 
escape of the mercury, invert it in a vessel 
of mercury, C, and remove the finger. Sup- 
posing the tube to be 33 inches in height, 
and one inch at the bottom immersed be- 
neath the mercury in the vessel, the height 
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water in the tnbe above {ts level in the baain, and ita rise In the tube when the air la ex* 
hauated 1 How high will the water riae In an exhauated tube 1 221. If a liquid lifter 
than water be uaed, what will be the reault 1 If heavier, will it riae aa hich f 222. How 
high will mercury riae in an exhauated tube 1 Whr doea It not riae aa high aa water ? 
How much heavier \b mercurv than water ? 223. How may the experiment be mad* 
with mercury 1 Supposing the tube to be 33 inchea in length, what will be eonuined 
a()ove the mercury 1 What te th« TorrieeUian vacuum 7 What will be the effect If the 
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of the column above the mercury will at first be 32 inches; 
but, on the removal of the finger, it will instantly fall to 
D D, and stand there at about 30 inches, the space in 
th^ tube above this being entirely empty. 
. This vacant space above the surface of the mercury 
is called the Toiricellian vacuum, from the name of the 
individual who first performed the experiment. It is 
usually considered the most perfect vacuum that can 
be produced by man, at least when the proper precau- 
tions are taken in forming it. 

That it is really the pressure of the atmosphere which 
sustains the mercury in the tube in this case, is made 
plain by placing the vessel of mercury with the tube, 
under a tall' receiver on the plate of the air-pump, and ex- 
hausting the air; Ahe mercury will be seen to fall as the 
exhaustion proceeds h and, if a perfect vacuum could be 
produced, it would aall in the tube quite to a level with 
that in the vessel. 

^-224. The Barometer, — An instrument prepared as just 
described constitutes the ordinary barometer, which is 
/designed to show the pressure of the atmosphere, and any 
changes of pressure that may take place in it!) /The tube 
is generallv made about 32 or 33 inches long; and at the 
upper surmce of the mercury a scale is placed, very ac- 
curately divided into inches and tenths of an inch, and pro- 
vided with a vernier, so that variations of a hundredth of 
an inch may be measured^ Instead of an open vessel, C, in 
which the mercury is here contained, ia wooden cup is 
generally used, having the tube cemented into the top, 
and the bottom made of leather, so as to yield readily to 
the atmospheric pressure?^ The object of this is to pre- 
vent accident by the spillidg of the mercury, which would 
be Ukely to happen if the cistern containing it was open. 
On the other hand, (if the cistern were made tight, and of 
an inelastic substance, it is plain that the mereury within 
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tube and mercary are placed under a receiver, and the air exhausted 1 Is it certair 
tbat it is the atmoepberic pressure that sustains the mercniy in the tube 1 224. What 
is the design 6f the Barometer 1 How does it show changes in the atmospheric pre» 
sare 1 How ia the barometer made so as to be influenced by atmosphere pressure^ 
and at the same time prevent the escape of the mercury 7 Why might not the cistera 
be made perfectly air-tight of an inelastic substanc« ? Is the pressure of the air always 
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would not be afiected by variations of atmospheric pres- 
sureA 

The figure in the margin represents the 
tube of the ordinary barometer, with its cis- 
tern, C, of mercury at the bottom. To con- 
struct it, the tuue of glass, A B, is firmly 
cemented in the wooden cistern at B, the 
bottom, D, being open. Pure mercury is 
then poured in so as to fill the tube and cis- 
tern, and is made to boil in order to expel all 
the air it may contain; apiece of leather 
is then cemented on to form the bottom, D. 
Upon bringing it to its present position, the 
mercury falls a little in the tube, and the 
leather at the bottom is slightly pressed 
down, and yields sufiScientljr to allow the 
mercury to lall and rise considerably in the 
tube. 

By means of this instrument it has been 
determined that the pressure of the atmos- 
phere, even at the same place/is not uni- 
form^ for, though it usually sustains the 
mercury at the height of |hearly 30 inches, at the level of 
the sea, Vet it will sometimes ^all as low as 28, or rise as 
high as 31 inches.\ In some cases these changes are very 
sudden, but usually they take place gradually. 

225.^ No less than twelve or fifteen modifications) of 
this instrument, besides the abovel have been proposed 
by diflferent individuals ; but one only will be described 
here. This is the wheel barometer, invented by Hooke. 
It is frequently used as an ornament for parlors, " to give 
them an air of Philosophy ;" bu! its indications are not 
very accurate. It is made just as the barometer de- 
scribed above, except that instead of the cistern at the 
bottom, the tube is bent upward, as seen in the figure 
The atmospheric pressure acts upon the surface, F, of 
the mercury, and sustains the column, EK, above the 




o..iform at the same place 1 What ia the nsaal heiffht of the mercurv at the lerel of tho 
aeal How mach may it vary above and below 30 inches ? 225. How many diflTerent 
modifieatioBB of this instrument have been produced 1 Can any connection be traead 
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level, F K. The columns, F B and B K, 
support each other. If the pressure is 
at any time increased, the surface, F, 
will be depressed, and the surface, E, 
will rise towards A, by an equal amount; 
consequently, the difference of level be- 
tween F and E, or the mercurial column 
which is supported by atmospheric pres- 
sure, will DC increased by twice the 
space through which F is depressed. 
When the pressure of the atmosphere 
is diminished, the surface, F, will rise, 
and E will fall. On the surface, F, a 
weight is placed, to which a cord is at- 
tached, passing over a wheel, P, with 
an index or pointer, H, and having an- 
other weight, W, at the other end. 
Now, as the surface, F, rises or falls, a 
similar motion of the weight on its sur- 
face is produced, and the pointer is 
made to turn on its axis ; and, by having a circular plate, 
G, properly graduated and attached to the instrument 
just behind the pointer, the variations of the height of 
the mercurial column are beautifully indicated. Usually, 
around this graduated circle, the words "Fair," 
" Stormy,*' &c., are engraved, as if these states of the 
weather might be expected always whenever the mercury 
stands at the height indicated by them ; which, however, 
is by no means the fact. 

But long observation has fully proved that there is a 
connection between changes in the height of the baro- 
metric column, and changes in the weather. Thus, it is 
said that, in general, rthe rising of the mercUrv indicates 
fair weatherji and its iialling the reverse>> When a very 
sudden and^eat fall occurs, especially^ at sea, a storm, 
with high wind, is to be expected. But none of these in- 
dications are to be considered by any means certain. 
Instances are, however, given, in which captains of ves- 

betweeo changes in the weather and changes in the barometer) What does the rising 
of the barometer Indicate 1 ^Vhat is indicateri bj a fall 1 Wbst is said of the storm of 
1844 upon lake Brie 1 
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sels, by heeding the indications of the barometer, and 
making seasonable preparations for the approachins storm, 
hav^e saved themselves from its effects, which otherwise 
would very probably have been disastrous. /The dreadful 
storm that occurred on lake Erie, in the authmn of 1844, 
was plainly indicated at Buffalo several hours before its 
commencement there, by a sudden and unusual fall of the 
mercury in the barometer. About the time the mercury 
was thus falling, several steamboats left the harbor, and 
were wrecked, and many lives lost in their encounter 
with the gale ; a disaster which might have been avoided 
had they been provided with good barometers, and their 
officers acquainted with their use.\ 

It would, without question, be difficult to explain fully 
why this relation between changes in the state of the 
weather and changes in the height of the barometer 
should exist ; but it is very easy to conceive that a storm 
in any place, which is only a violent commotion in the 
atmosphere there, should have the effect to increase or 
diminish the pressure in places in the vicinity. And, as 
storms move over the surface of the earth, the place 
which at one hour is only in the vicinity of a storm, may 
shortly afterward be the theatre of its most violent effects. 

When used for this purpose, the barometer is some- 
times called a weather-glass . 

An instrument called the Aneroid Barometer^ which has 
recently been invented, and dispenses with the use of mer- 
cury or other liquid, though not possessing the minute 
accuracy of the common barometer, is likely to supersede 
the use of it as a weather-glass, especially on ship-board. 

226. The Syphon-gaugel used to determine the degree 
of exhaustion produced by an air-pump, is a barometer 
of a peculiar construction. , It is evident that if the com- 
mon barometer could be placed under the receiver of the 
air-pump, the exhaustion produced at any time would be 
correctly indicated by it, a fall of one-half, one-third, oi 
one-fourth its length showing that a corresponding pro- 
portion of the air had been removed ; but its length is so 
great, 30 or 31 inches, as to preclude its use in this way. 

QiTBSTioN S26. What is the design of the Syphon-ruofe in the air-pamp t How la It 
conitructed 1 When this gauge ia 7^ inches m height, how far must the exhaustion b$ 
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(The syphou-gauge is composed of a glass tube, A B C 1), 
^ bent in the form represented in the figure, 

and firmly cemented into a brass socket, 
with a faucet at D. It is then nearly one- 
third filled with clean mercury, which after 
being allowed to settle at theiurther end of 
the tube at A B, will be held there by at- 
mospheric pressure. If this be now con- 
nected with the air-pump, so as to com- 
municate with the receiver, whenever the 
exhaustion is carried beyond a certain 
point, the mercury will fall\ Let us sup- 
pose that the part, AB, is 7^ inches in 
length, which is one-fourth of 30, whenever(three-fourths 
of tne air has been exhausted^ the column of mercury, be- 
ing no longer supported, would begin to fall, the lower 
surface at B rising at the same time. If a perfect vacuum 
could be produced, both surfaces of the mercury would 
stand at the line m m, 

227. Pressure of the Atmosphere variable.-^It has been 
said above that the height to which a column of water 
may be raised by atmospheric pressure is about 34 feet, 
or the column of mercury about 30 inches, though sub- 
ject to considerable variation. But these heights apply 
only to places situated near the ordinary level of the sea.^ 
Aspve.aacend abpve this, and of course above a portion 
of tne body of the atmosphere, the mercury in the barom- 
eter is observed to fall.\ If the atmosphere was of uniform 
density at all distances above the surface, this fall of the 
mercury would necessarily be proportional to the height; 
that is, if an ascent of 100 feet above the level of the sea 
produced a fall of yV^^ ^^ ^^ i^ch> ^hen on ascending 200 
feet it would fall /^ths of an inch, and so on for any 
other height. But this is by no means the case ; it is 
found by experiment that the mercury falls much more 
rapidly while ascending the first hundred feet, than it 
does in passing through the second ; and more the 

carried before it is affected 1 Can a column of water be raised 34 feet above the surface 
OD a high mountain > What is the reason 1 Will the mercury in the barometer de- 
scend equally for every ascent of 100 feet ? 227. What is the height of the mercury in 
the barometer 3 miles above the surface' of the earth 1 What would be its height 16 
miW • k'- 'He sor&ea 1 
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second hundred feet than in the third, and so on. This 
is in consequence of the density of the air diminishing, as 
we ascend from the surface, by reason of the diminished 
pressure (210.) The stratum of air at the surface is 
pressed by the whole weight of the superincumbent at- 
mosphere ; but, as we ascend above this, the quantity 
of the superincumbent fluid being less, the pressure will 
be less, and also the density. 

It is found that at 3 miles above the level of the sea 
the mercury stands at about ^5 inches^the height of the 
column being diminished about' one-half in this distance ; 
and it has been calculated, that at the height of 9 miles^ 
it would stand at 3f inches ;S^nd at 15 miles, only 1 inch. ; 

228. Measurement of Heights by Barometer, — It will 
be seen from the above, that this instrument miay be used 
for the measurement of heights ; this is indeed one of the 
most important purposes it serves. But to insure accu- 
racy in the results, several very important precautions 
are to be taken. One of the chief causes which affect its 
results is variation of temperature between the stations at 
the base and top of the mountain, the height of which is 
to be measured ; but rules have been devised for making 
the necessary corrections for this and other sources oi 
error ; and the heights of mountains, especially at a dis- 
tance from the sea, can probably be determined as accu- 
rately by this instrument as bv any other means, and with 
much less expense and trouble. 

229. Amount of the Atmospheric Pressure. — ^We have 
seen above that the pressure of the atmosphere at the 
level of the sea will ordinarily sustain a column of mer- 
cury at the height oP about 30 inches, and a column of 
water at the height of 34 feet. Now, a tube an inch 
square and 30 inches in length will hold 15 pounds of 
mercury very nearly ; by which we learn that this is the 
amount of the atmospheric pressure upon each square 
inch of the earth's surface. And as it is the nature of a 
fluid at any point to press equally in every direction 
(145,) the lateral and upward pressure at any point will 

Qttbstion 228. May the barometer be ased for meaaoring the height of mountaina ? 
What precautions most be taken to inaore accuracy 1 229. What is the pressure of the 
atmosphere upon each square inch 1 How is this determined ? How great pressura 
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be the same. This plainly is the reason why we snthr 
no inconvenience from the enormous pressure to which 
we are constantly subjected, and are even insensible to it. 
The body of a man, the surface of which is about 2000 
inches, must constantly sustain a pressure of about 30,000 
pounds, or nearly 14 tons. It is easy to see, therefore, 
that if the pressure in one direction, as downward pres- 
sure, was not counterbalanced by an equal pressure in the 
opposite direction, we should be crushed to the earth by 
a force altogether irresistible. 

230. The Magdeburgh Hemispheres, so called from the 
name of the place where they were invented, serve the 

Eurpose to make the pressure of the atmosphere evident, 
etter, perhaps, than any other experiment. 

They consist of hollow hemis- 
pheres of brass, A and B, which 
are accurately ground so as to fit 
each other at the edges, and form 
an air-tight hollow sphere. One 
of them has a tube with a faucet, 
E, and screw, C, by which it may 
be connected with the air-pump, 
and to which a ring for a handle, 
like that on the hemisphere, A, 
may be screwed after it has been 
exhausted and separated from the 
pump. To exhaust the air, the 
two hemispheres are to be placed 
together with a little tallow in the 
joint, if necessary, to make them 
perfectly tight, and it is then to be screwed into the hole 
m the centre of the plate in the air-pump. When ex- 
hausted, they will be held together b^ a strong force, so 
that two persons taking hold by the rmgs or handles will 
hardly be able to separate them. 
" j -' gftl. Effects of Atmospheric Pressure. — ^Many of tlie 

operations of nature and art which we are constantly 

I , , ^ 

*4oeathe body of a man constantly eostain 1 Why la he not jpreBsed by it to the earth 9 
230. How are the Magdeborgh hemiapherea constmcted 1 how are they osadl 231. 
Bow may a eirenlar piece of leaJiier be made Co adhere to a amooth stone by atmoa- 
pbarle preasort so aa to lift itt 
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>^^. witnessing are dependent upon atmos- 

^^ pheric pressure. 

If a circular piece of tolerably thick 
leather, 2 or 3 inches in diameter, be 
moistened, and then placed closely 
upon a smooth surface, it will adhere 
with considerable force ; if it be placed 
upon a smooth stone, and a string at- 
tached to the centre, the stone, though 
weighing several pounds, may be lifted 
by it. This is owing to the exclusion 
of the air as the leather is raised from the stone at its 
centre by the pulling of the string. The force with 
which the two surfaces will be held together will be equal 
to about 15 pounds for every square inch of the surfaces 
in contact. The experiment is represented in the figure 
in the margin ; S, the stone, and L, the piece of leather. 
232. The ability of some insects, as the house-fly, to 
walk on ceilings and other smooth surfaces presented 
downward, and even on smooth panes of glass, is said to 
be owing to the peculiar formation of their feet, by which 
they are made to adhere to the surface in the manner of 
the piece of leather in the above experiment. The feet 
of the common tree-toad of New England, {Hyla versi- 
color,) it is believed, also act in part on the same prin- 



ciple. 




B 



233. Let B, in the accompanying figure, 
be a receiver, in the top of which a piece 
of wood is accurately fitted with an exca- 
vation, A, in it, into which some mercuxy 
may be poured. On exliausting the air 
from B, by placing it upon the plate of the 
air-pump, the mercury will be forced 
through the pores of the wood by the ex- 
ternal pressure, producing a beautiful 
shower of the metal. 

234? The upward pressure of the air may 
be shown very beautifully in the following 



QuBBTzoN 23S2. How do iDMCto adhere by their feet to perfeetiT smooth sorfrcei 1 S88L 
How mny mercury be forced tbroogh the poree of wood 1 SM. How maj the upward 
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fnanner. Take a glass tumbler, or other taller vessel if 

desired, and fill it auite full with 
water, and carefully place a piece of 
paper over the surface, pressing slight- 
ly upon it with the hand. Tliuen sud- 
denly invert the vessel and remove 
the hand ; the water will be retained 
in it, its whole weight being sustained 
by atmospheric pressure. The paper 
serves to prevent the water from 
breaking and falling in drops or frag- 
ments. 

235. Ink-bottles are sometimes 
constructed on this principle, of the 
form represented in the figure. The 
design is to prevent the d^ing of the 
ink, which is occasioned oy too 
large a surface being presented to 
the atmosphere. The only opening 
the bottle has is at A ; by tumins 
this upward the ink may be poured 
in, and when the bottle is nearly filled, and turned back 
to its upright position, it is prevented from escaping by 
the atmospheric pressure. The pen is introduced at A, 
which must be of sufficient depth for this purpose ; and 
when the quantity of fluid in this part is sufficiently re- 
duced, a bubble of air enters, and a portion of the ink in 
the body of the vessel is permitted to descend. The only 
disadvantage which attends the use of this ink-bottle is 
occasioned by the expansion of the air above the ink by 
a rise of temperature, which will sometimes cause the 
ink to flow out at the mouth. 

236. Elasticity and Compressibility of Air. — Mariotte's 
Law. — ^We have seen (210) that in consequence of the 
pressure of the upper parts of the atmosphere, the air 
near the surface is much more dense than at more elevated 
positions. There is no limit known to the amount of 
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rcMore of the air be sbown by means of a tombler filled wUb water 1 235. How it the 

ok kept In txt ink-bottle repreaented in ouragraph 236 1 To what inconvenience it it 
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compression by pressure which atmospheric air admits of» 
though some of the gaseous fluids, as carbonic acid gas, 
chlorine, &c., are condensed so as to take the liquid 
form, when the pressure reaches a certain limit depending 
upon the temperature. 

It is found by experiment that the volume 
or bulk of air, under different pressures, is 
less as the pressure is greater. This may 
be shown as follows. Let A BCD be a 
class tube, closed at D, and bent in the 
form represented; and let mercury be 
poured in at the open end by inclining the 
tube a little until it Alls the bend, B C, and 
divides the tube into two parts. If now 
more mercury is poured into the tube, its 
weight will press against the air at C, and 
cause the surface to rise toward D. We 
will suppose that sufficient mercury is poured 
in to cause the surface, C, to rise to n, com- 
pressing the air in C D into oQjS-half the 
space it at first occupied, which will re- 
quire the column in the part A B to be 
about 30 inches in height above the line 
m n. The volume of air in C D is therefore 
diminished one-half, by the pressure of a 
column of mercury 30 inches in height, which wb have 
heretofore learned is just equivalent to the ordinary pres- 
sure of the atmosphere. But before the mercury was 
poured in, the air in C D was under the pressure of 1 
atmosphere, and, by adding as much more, or increasing 
the pressure to 2 atmospheres, the volume, as already 
stated, is reduced to one-half. If the pressure were in- 
creased so as to be equal to 3 atmospheres, the volume 
would be reduced to one-third ; if increased to 4 atmos- 
pheres, it would be reduced to one-fourth ; and so on for 
any other pressure. This could easily be shown, if the 
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ttM gaaet affected by ftroDf comprenlon 1 In what ratio does the Tolome of air diinln> 
lah aa the pressure is increased ) How is this illustrated' by means of the apparatus 
represented in the accompanying figure 7 How much is the volume diminislied wh«D 
the pressure is doubled, trebled, or qusilrupled 1 What is the law of Mariotts 1 
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part of the tube A B was of sufficient length, by continu* 
in? to pour in mercury, and observing the height of the 
column and the space occupied by the air in iX When 
the column of mercury was 6Q inches in height, only one- 
third of the space, C D, would be filled with air ; and 
when the column of mercury attained the height of 90 
inches, the air in C D would be compressed into one- 
fourth the space it at first occupied, &c. 

We have, then, this law, usually called the law of 
Mariotte, that the volume of a gas mill always be in thft 
inverse ratio of the pressure to which it is subjected. 
y. 237. (As a necessary consequence of the above princi- 
ple, it must follow, that the elastic force or expansive 
power of a portion of air will increase in proportion as 
the space it occupies is diminished; (and the elastic force 
will diminish in proportion as the space through which it 
is allowed to expand is increased;) 

This may-TO better understood by 
the following illustration. Let Ad 
C D, in the first of the accompanying 
figures, be a cylinder in which the 
solid piston, A til, moves air-tight, and 
without resistance from friction; and 
let the distance from this piston to 
the bottom of the cylinder be. just 12 
inches. Let us suppose the weight 
of the piston to be just 20 ounces ; 
and that the elasticity of the air with- 
in is just sufficient to sustain this weight. Now, suppose 
a weight of 20 ounces is placed upon the piston, whicti will 
make the whole weight 40 ounces. The elasticity of the 
contained air not now being sufficient to sustain the pis- 
ton, it will fall a certain distance, until the air is sD much 
compressed, and its elasticity increased, that it is again 
supported in the position seen in the next figure. By 
measuring AC now, the distance will be found to be 
just .6 inches, the doubling of the pressure having re- 
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( duced to one-half the volume of the 
i3ontained air, and at th^ same time 
doubled its elasticity, as appears from 
the fact that it now sustains twice 
the weight it did before.; 

If, now, a weight ^ 20 ounces 
more were added to the piston, the 
air within would be further compress- 
ed, the piston descending to within 
4 inches of the bottom. The compressing force would 
then be three times as much as at first ; the contained air 
would be reduced to one-third of its original bulk ; and 
its elasticity would be three times as great as at the com- 
mencement of the experiment. 

A further addition of 20 ounces weight to the piston 
would cause it to descend another inch, thus reducing the 
air to one-fourth of its original volume, and increasing 
fourfold its elasticity. If stul more weights were added 
to the piston, the same proportion would be observed be- 
tween the pressures, the corresponding volumes of the 
air, and its elasticity ; but no force could compel the pis- 
ton to descend quite to the bottom of the cylinder. 

238. The ordinary elasticity of 
the air is of course just sufficient to 
resist the ordinary pressure of about 
15 pounds to the square inch ; but 
this force will sometimes produce 
unexpected effects. If a square bot- 
tle, B, be firmly sealed, so as to be 
air-tight, and then placed under the 
receiver of the air-pump, when the air 
is exhausted from the receiver so as 
to remove the pressure from the 
outside of the bottle, (the expansive 
force of the ait within will often 
be found sufficient to burst it out- 
ward. N 
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A 239. (Let a bottle, B, in the next figure, be 

partly filled with mercury, and a tube open 
at both ends be inserted air-tight through the 
cork ; when it is placed under a tall receiver, 
A, and the air exhausted, the elasticity of the 
small portion of air in the bottle above the 
mercury will cause the mercury to be raised 
to a height corresponding to the degree of ex- 
haustion produced^ If all the air could be 
exhausted, the mercury would rise in the tube 
to the height of 30 inches. 

The elasticity of the air may also be shown 
/ Hd Sk ^^ suspending an India-rubber bottle or blad- 
^^-555^ der, containing a little air, with its mouth 
carefully tied, in the receiver of the air-pump, 
and exhalisting the ain As the external pres- 
sure is removed from the bottle, the air within 
it expands, causing it to be greatly enlarged. When the 
air is again admitted into the receiver, the bottle con- 
tracts, the volume of the air within it being again reduced 
as at first. If the bladder, instead of being suspended so 
as to hang freely in the receiver, is placed in a cavity 
and loaded with weights, they will be lifted by the expan- 
sion of the air in the bladoer when the receiver is ex- 
hausted. 

We have seen, heretofore (176,) that fishes regulate their 
motions in water in part by means of a sack contained 
within the body, and filled with air, called the air-bladder. 
If some small fishes in water be placed under a receiver, 
as the air is exhausted they show a tendency to rise 
to the surface, in spite of every effort they can make 
to descend ; and, if the exhaustion is continued the air- 
bladder will often be burst by the expansion of the air, 
destroying the life of the fish. 

;C 240. Respiration of Animals, — The lungs of animals 
are sdtemately infiated and contracted, in the process of 
respiration,\in a manner somewhat similar to the above^ 
This important organ of animals is composed of soft elas- 
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tic fleshy substance) situated in the chest) and filled with 
air-cells, which communicate with the external air^by 
means of the windpipe and nostrils^ my means of the 
diaphragm and ribsAthe cavity of the cnest is made alter- 
nately to expand and contract, by which corresponding 
motions of the lungs are produced. 

The figure in the margin 
will serve to illustrate the pro- 
cess. Let M be a slsss receiver, 
having a bladder. A, partly filled 
with air, suspended in it, com- 
municating with the external 
air by means of a small tube 
passing air-tight through a cork 
at B; and having the bottom 
closed, als6 air-tight, by a leather / 
bag, D. Now, by drawing out ' ^ 
this part, D, Inr the hand, in 
consequence oi the increased 
capacity of the receiver, the air is drawn in through the 
tube, B, into the bladder, and inflates it ; but, by pressing 
upward on the part D, as shown in the figure, £i, the air 
in the bladder is again forced out through the same tube, 
B, into the open air. By moving the bag, D, backward 
and forward in this manner, it is evident the air in the 
bladder. A, will be kept constantly moving in and out 
through the tube, B, precisely as in the process of respi- 
ration. In respiration, the diaphragm and muscles of the 
ribs serve the purpose of the leather bag, D, causing an 
alternate inspiration and expiration of the air through the 
windpipe and nostrils. 

241. This constant inspiration and expiration of air 
from the lungs of warm-blooded animals(is absolutely 
necessary for their existence.^ The air in the lungs is* 
constantly undergoing a change which unfits it for the 
support of life, and it therefore requires to be renewed by 
fresh portions ; an object which we see is admirably ac 

and then contracted 1 What do the lungs of animala consist ofl How do tliey eom* 
municate with the external air 1 How is the cavity of the chest alternately ezpanded 
and contracted 1 What is illtistrated by the figure 1 911. Is this constant inspiratioa 
and expiration ( fair necessary to animals 1 why to tt necessary that the air of wu 



PNBUMATIC8. 151 

complished in the process of respiration just described. 
But, if a person or animal is confined in a small close 
room, hj continually breathing the same air, the same 
change as takes place in the air in the lungs will after a 
time be produced in the whole air of the apartment.) 
Hence ariSes the necessity of having the air in our apart- 
ments constantly changed ; or, in other words^ to have 
them well ventilate. In ordinary dwelling-houses, in 
which the apartments are large in proportion to the num- 
ber of occupants^and opportunity is frequently given for 
the passage of the air in and out by the opening of doors, ^ 
there is no need of any special provision oeing made for"' 
their ventilation ; but, when large assemblies are to remain 
for some time in comparatively small rooms, or when from 
any cause there is not a free communication between the 
air of an apartment and the external atmosphere, injuri- 
ous consequences will be certain to result unless some 
means are contrived to produce a circulation of the air. 
/Various means have been si^gested for this purpose, but 
usually it will be sufficient if a tube is provided leading 
from the upper part of the room through which the dele- 
terious air of the room may escape, and another leading 
from the lower part to admit the fresh air from without^' 
(The impure air, as it comes from the lun^at a tempera- 
ture a little above that of the surrounding air, immedi- 
ately rises and passes out by the escape-tube, while a 
fresh portion enters to supply its placed If the apartment 
is heated by a fire, the circulation 6t the air will be in- 
creased. The size of the tubes should of course be pro- 
portioned to the size of the apartment to be ventilated. 

The absolute quantity of air which is consumed per 
hour by a full-grown person has been variously estimated 
by different writers, some putting it as low us 12 cubic 
feet, and others as high as 720 ; but the former quantity 
may be taken as that required merely to sustain life, and 
the latter as the amount required to promote the perfectly 
healthy / action of the system. Probably we may take 
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means for Tentilatingr ordinanr dwellings 1 When large assemblies hre to remain some 
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60 cubic feet per hour, or one foot per minute, as the 
least that can be allowed without endangering the health. 

A good experiment to illustrate 
the tendency of the warm impure 
air of a room that is occupied to 
escape may be made in the follow- 
ing manner. Let a door leading 
from a warm room to one unoccu- 
pied, or to a hall be partly opened 
and a lighted candle held at the 
opening near to the top, and then 
near the bottom; when near the 
top the flame will be seen to trail 
outward by the current of warm 
air that is escaping, but when held 
near the bottom the flame will be 
bent inward by the entrance of 
colder air to supply the place of 
that which is escaping^ 

242. There are some phenomena 
attending the passage of air 
through tubes, and its escape from 
them in certain circumstances, 
which are not a little curious. If a tube be made of 
tissue-paper, 6 or 8 inches long, and about an inch or 
a little less in diameter, having a piece of wood in 
one end with a hole in its centre a quarter of an inch 
in diameter, on blowing through this hole, either directly 
or by means of a small tube, the paper will collapse, 
plainly indicating the production of a partial vacuum 
within it. This we may suppose to be occasioned by the 
sudden expansion of the air on escaping from the small 
tube by which it was introduced within the paper tube. 
A portion of the air within the paper is blown away, and 
the tendency of the air outside to rush in and. supply the 
vacuum, produces the collapse we have noticed. 

It appears that the escape of a gas from a tube 
into the open air is always attended by a degree of rare- 
faction about the mouth of the tube, and a consequent 

QvaBTiov. How ii th« experiment with the lighted candle explained f 
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pressure of the surrounding air toward this point at cer- 
tain distances around. Let a person cut out two circular 
pieces of thick paper or pasteboard about 2\ or 3 inches 
in diameter, and, makins a hole in the centre of one, in- 
sert it in the end of a small tube, as a piece of a quill ; then, 
making the other disc of paper a little concave, let him 
place it with its concave side down upon the first, holding 
them in a horizontal position, with the quill downward. 
If now a strong current of air be passed through the quill 
by the mouth, contrary to what might be expected, it will 
be found quite impossible to blow off the upper piece of 
paper. The air blown through the quill expands and 
escapes at the edges ol the paper discs, a partial vacuum 
being all the time kept up between them sufficient to keep 
the upper one in its place. 

If a small pin is stuck in the centre of the upper card, 
and allowed to project into the tube, it will prevent the 
card from sliding off. ^^^ 



MA0BINK8 FOE RAIBING WATKR — FUHF8. 

243. Suction-Pump. — Pumps 
for raising water are variously 
constructed, but the one most 
commonly seen is the suction- 
pump,^o called from the pecu- 
liar mode of its action. This 
instrument is essentially the 
same as the air-pump already 
described, (213,) except that it is 
made larger, and has much lar- 
ger valves to permit the water 
to pass freely. It is worked hj 
means of the handle, H, and is 
usually a little enlarged at the 
top to form a reservoir for the 
water, and allow it to escape by 
the spout, S. When the lower 
part is immersed in water, and 

Qsmnuaf 943. Is IRa common anetion-pump sUnilar to th« •ir-pump la ttseoiMtru» 
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the handle workedlthe first effect is to eshaust the air from 
the tube beneath the piston, P, precisely as in the air- 
pump'; but this causes the water to rise gradually to fill 
the v&cuum thus produced, until at leusth it reaches the 
owet valve, v', which is represented in the figure as open, 
the j)iston being supposed to be rising, and the valve tt in 
it of course shut. After it has become filled with water, 
rat every successive elevation of the piston, the watei 
issues freely at S.*) 

As the atmospheric pressure is sufficient only to r^e 
a column of water \6 the height of about 38 or 34 feet, it 
(will be seen at once that in this pump the lower valve 
must always be placed within this distance of the surface 
of the water ; and it is therefore unsuited for use in deep 
wells, or in any case where the water is to be raised to a 
greater height than the distance mentionedx 

244. Forcing'Pumjy.-^Thefarcmg- 
pmnp is represented, in section, in the 
accompanying figure. CLike the pump 
just describeiCit is formed of a cylin- 
drical tube, A, to which a smaller 
one, B, is usually attached, leading to 
the water of the well or cistern from 
which it is to be raised. But the pis- 
ton, P, is made 8olid,yand the upper 
valve, V, is placed iaJk tube or spout 
branching off from the main tube,^A^' 
At v' is iJie lower valve precisely as 
in the suction-pump ; and the water 
is raised to this valve by atmospheric 
pressure just as in that pump:j Let 
us suppose every thing in order, and 
Ftming-pimp- the lower end of the pump immened 

in water ; fby the first elevation of the 
piston, P, a vacuum will be formed in the chamber below 
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t, and the air will rush in through the lOwer valve v\ the 
water of course rising to supply its place. \ When the 
piston is again depressed, a portion of the air oelow it and 
above the lower valve, v\ will be forced out through the 
upper valve, but will be prevented from entering again 
by the closing of the valve. Upon a second elevation of 
the piston, more air is again drawn up through the valve 
v\ to be also forced up by the descent of the piston through 
the upper valve, v ; and this is repeated until at length 
the water reaches the valves, and is made to pass through 
in the same manner as the air has done. At every elevation 
of the piston the water rises through the lower valve, and 
every time it is depressed, a portion is driven onward 
through the upper valve into the tube, C, by which the 
water' may be raised to any required heighj? 

In ^is pump, as thus constructed, the water is neces- 
sarily forced out of the pipe, C, in successive jets, at every 
descent of the piston. In order to cause it to flow in a 
continued stream, 4n air-vessel is sometimes added to the 
lateral piperjD,Jn the following manner: 

. ^ t D, is a strong vessel made per- 

fectly air-tight, except the valve by 
which it connects with the body of 
the pump, and the tube C, which 
extends nearly to its bottom. Now 
when the water is forced into this 
' air-vessel through the valve at the 
bottom, as soon as it has risen to E, 
the bottom of the tube, all the air 
in it must be condensed in the upper 
part ;(and by its elasticity pressing 
upon the water, it will cause it to 
• flow out through the tube C in a 
constant equal stream. 

/^ 245. The Fire-Engine, as usually 
made, is merely a large forcing- 
- .....T, . ^.,^. pump of this construction, adapted 




water may b« forced bj thfs pump 7 How may the water be made to flow io a contin* 
aed itream ) How does the air-Teaiel operate to prodnce this effeet 1 246. What la 
Che nae of the Are-enj^'ne 7 What does it generally eonatat of 1 What ia theaaeof 

14 . 



, PHILOSOPH 



^ lo ihruw a stream of water to a great height for extin- 
guishing fires. t,Itgenerallj has two cylinders, each with 
Its piston and valves, so situated by the aide of the air- 
vessel that the water fi-om both is forced into it, one pis- 
ton ascending and the other descending at each stroke. 
^ A flexible leather tube called a hose, sometinies of one oi 
two hundred feet in length, ia attached to the pipe, C, bj 
which the water may be carried to the iminediate vicinity 
of the burning building, and directed to the proper 
points, without exposing the machine itself, or the men 
who work it, to danger or inconvenience from the heat. . 
LetDE be a large box or reservoir to contain Water; and 
let A and B be two cylinders with solid pistons ; and C, an 
air-vessel, with a tube leadingfrom near the bottom through 
Its top. At V V V" and V^" are valves, the first and last 
opemng upward, and each of the others opening into the 
air-vessel. If we now suppose 
the pistons to be worked by 
means of the handle to whicn 
they are connected, it will be 
readily seen that from both cyl- 
inders the water is forced into 
the air-vessel, from which it is 
driven by the elasticity of the 
confined air, in the manner de- 
scribed above. 

The whole apparatus of the 
fire-engine, is always placed 
FfrtEng^. ou whcels.^o as to be readily 

transferredlrom place to place, 
' as necessity may require.\ There is generally also a 
suction-hose accompanying the machine, which, when 
an opportunity occurs, as is often the case, may be thrust 
nto a well or cistern, and the instrument be thus made 
to supply itself with water just as the simple forcing- 
pump already described. This suction-hose is made to 
connect directly with the cyhnders themselves, by means 
not indicated in the figure ; so that the reservoir, D E, is 
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not then brought into use. But as the water is raised to 
the lower valve by atmospheric pressure, it is evident 
that its height above the water must not be greater than 
about 34 feet. 

The mode in which the air-vessel operates to produce 
the effect described above may be further illustrated in 
the following manner. Let a globular vessel, A, with a 
proper neck, be partly filled with water ; and let the tube 
B be made so as to screw air-ti^ht into this neck and 
reach nearly to the bottom. The small tube, C, being 
then removed, let the condensing syringe (216) be 
screwed in its place, and a quantity of air forced in 
through the tube B ; it will be condensed in the upper part 
of the vessel. The syringe being now removed and tube 
C inserted in its place, upon opening the faucet the con- 
densed air within will force the water out in a beiautiful jet. 

By removing the top, D, and sub- 
stituting a piece of another form, E, 
jets of various forms may be pro- 
duced. 

A jet of water may 
also be produced by the 
ordinary pressure of the 
atmosphere. Let a tall 
glass receiver, A, be 
placed upon a plate of 
metal having in its centre 
a tube terminating in a 
small aperture above, 
and having a screw at 
the lower end by which 
it may be connected with 
the air-pump, so as to 
exhaust the air. If now after exhaus- 
tion the whole be removed from the 
air-pump and the lower end c^' the 
tube be immersed in a pitcher of wa- 
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ter, upon opening the faucet the water will be forced into 
the receiver in a fine jet, , 

246. The Lifting- Pump.-fthe lift- 
inff-putnp is designed to act altogether 
independently' of atmospheric pres- 
sure, ) ^t consists of a hollow cylin- 
der, A B C D, the lower end of which 
is immersed in the reservoir from 
which the water is to be raiseii' iAt 
the proper distance, C D, from the bot- 
tom, a valve is placed opening up- 
ward, and below this is the piston with 
a valve also opening upwardj the 
piston-rod R, passes down and con- 
nects with the frame- work, repre- 
sented in the figure, by which it is 
worked. Above C D, the tube is bent 
so as not to interfere with it, This 
pump must be immersed so that the 
water may reach the upper valve; then whfn the pis- 
ton IS forced upward, the water above it is made to open 
that valve and occupy the pipe above C D, and on its 
descent is kept there by the closing of the valve, the water 
at the same time entering through the valve in the piston. 
On the re-ascent of the piston a portion of the water is 
again forced up ihrough the upper valve, and so on 
while the pump is worked. 

217. We shall describe only one other pump, called the 




dmihle-iictimr pump, which is represented in the figure in 
the tiiargjii. A Bis the cylinderin which the piston plays 
by me:ins of a lod passing air-tight through a collar at A^i 
and C, D, E and F are four valves, two of which will be 
open and two shut at each stroke of the piston. Let us 
suppose the piston to ascend, the water anove it will be 
raised, causing it to open the valve, D, and pass on, as 
shown by the arrow, through the pipe leading to the 
cistern to which the water is to be conveyed ; and, at 
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the same time, by reason of the 
vacuum producea below the pis- 
ton, it will rise through the valve, 
F, by the tube, H, leading to the 
reservoir below. When the pis- 
ton is made to descend, the valves 
D and F will be instantly closed, 
and C and E opened, the water 
being forced through C by the pis- 
ton, and drawn through E by at- 
mospheric pressure. Pumps of 
this construction are used at the 
FairmouQt water- works near Phil- 
adelphia, by which that city is sup- 
plied with water. They are 
worked by water-power. 
S48. Hiero's Fountain. — In the piece of 
apparatus, called Hiero's fountain, a jet of 
water is produced W means of the pres- 
sure of a column of water acting on the 
air in an air-vessel.,'^ It is formed of two 
vessels, A and B, which we will suppose 
made of glass, connected together by 
the tubes C and D, which pass air-tight 
through brass caps cemented upon the 
necks of the globular glass vessels. The 
tube, C, passes from the upper part of the 
vessel. A, to the upper part of B ; while 
the tube, D, connects the basin, E, with 
the lower part of the vessel Bj To use 
the apparatus^he small jet-pipe, E, is first 
removed, and the vessel. A, nearly filled 
with water ; then the jet-pipe is replaced, 
and more water poured into the basin at 
the top, which passes at once by the tube, 
D, into the lower vessel, B. But, as soon 
as the water rises in the vessel, B, above 
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the lower end of the tube, D, there being no passage for 
the air to escape, it will be condensea by the rise of 
the water in B, into the upper part of both vessels, the 
tube, .C, forming a communication between them. By 
opening now a faucet, E, seen above the water in the 
basin, a beautiful jet d' eau is produced by the water issu- 
ing from the upper vessel through the central tube. 

^ 249. The SypAon.— This fa- 
miliar hydraulic instrument, in 
its simplest form, \consists of a 
bent tube, ABC, (raving one of 
its branches longer than the 
othe^ If this tube be filled with 
water, and then closed by the 
finger to prevent its escape until 
the shorter branch can be im- 
The smkon mcrscd in a vessel of water, and 

*^' held as represented in the figure, 

on the removal of the finger, the liquid will immediately 
commence running, and will continue to flow until the 
vessel is exhausted. It will serve the same purpose if the 
bent tube is first immersed in the water, and the air then 
exhausted from it by applying the mouth at C. 

250. To cause the flow of the water in the syphon,Vit 
is essential that one branch of the tube should be longer 
than the othe^; and the motion is toward the longer 
branch. ' vThe water flows out of the longer branch in 
consequence of its weight ;jbut as a vacuum would thus 
be produced in the upper part of the tube, the water from 
the vessel rises in it by atmospheric pressure, as in the 
suction-pump. If the longer leg were immersed in the 
water instesid of the shorter one, and then filled by ex- 
hausting the air by the mouth, the liquid would immedi* 
ately flow back into the vessel. The length of -the 
branch immersed in the vessel is always to be measured 
from the surface of the water, D E. That the atmos- 

QuMTiOM 249. of ^hfiX does the syphon consist? How is the tube to be filled at 
tint I 250. Musr one branch of the tube always be longer than the other 1 In what di- 
rection does the water flow ? How is It shown that the pressure of the atmosphere ia 
necessary to cause the water to flow through the syphon 1 Why may not laifs kt 
phons be used with adTantage for practical purposes? 
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pheric pressure is concerned in the operation of the 
syphon us shown from the fact that it entirely fails to act 
in a yacHum j/ and also from the further fact that in the 
open air, water refuses to pass a syphon-tube, the shorter 
eg of which exceeds 34 feet. 

Large syphon-tubes have been used for practical pur- 
poses, for raising water many feet over obstacles that it 
would be difficult to remove ; /but the air which is always 
carried in with the water, being set free by the dimin- 
ished pressure, rises to the highest part of the tube, and 
after a few hours accumulates so as to prevent the pas- 
sage of the water. They are hence little used in 
practice.^ \^ 

251. The manner in which th^ 'sy- 
phon acts is well illustrated when it is 
constructed with an air-vessel, as 
shown in the figure, which is a section 
of the syphon-fountain, (^ B is an air- 
vessel, supported by a pillar of wood; 
E, and having two tubes, A and C con- 
nected with it, of which the first, A, 
may be considered the shorter branch 
of the syphon, and C, the longer. A 
is a vessel of water supported by a shelf; 
and D, a second vessel to receive it 
after being discharged from the instru- 
ment^ To use the mstrument, the air- 
vessel, B, with the tubes attached, is to 
be removed from its support, inverted, 
and the plug, in which the tubes are 
inserted, unscrewed. The air-vessel is 
then to be filled about a third full of water, the plug with 
the tubes screwed into its place, and the whole restored 
to the proper position upon the stand E ; aiid immedi- 
ately the water will begin to escape from B, by the tube, 
C, producing a vacuum within it, into which the fluid rises 
from the vessel. A, by atmospheric pressure. If the tube, 
C, is made considerably longer than A, with a bore also 
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some larger, the jet of water on entering the air-vessel 
may easily be made to rise to a considersn}le height. 
J.i252/ It is to be observed that the syphon must always 
fee firsi^ filled with water before the current will flow, 
which may be done either by filling it with the two ends 
held upward ^.nd then suddenly changing it to its proper 
position, or by first placing it in this position and then 
exhausting it with the mouth or by means of an air-pump. 
The same efiect obviously will be produced if the syphon 
is so placed with reference to the reservoir of water, that 
the fluid mav rise around the shorter branch so as to fill 
it quite to the highest point ; 0he water will then begin 
to be discharged through theionger branch, and will after- 
ward continue to flow, even though the surface of the 
water in the reservoir may fall.^ 

253. The philosophical toy called Tan- 
tahis'-cup is constructed on this principle. 
It consists of a cup, with a syphon, C B A, 
in it, the short leg of which, C B, com- 
mences near the bottom in the inside ; and 
the longer leg, B A, passes down through 
the bottom. Now, when water is poured 
in, it will rise in llie shorter leg until it 
attains the highest point, B, in the syphon, 
when it will be discharged through the 
longer leg, and continue to flow until the 
surface is reduced to C. A small image 
of a man, supposed to represent the fabled Tantalus, {see 
Article Tantalus, in Anthon's Classical Dictionary^ is 
often placed over the syphon, so as entirely to conceal it ; 
and, when water is poured into the vessel gradually, it 
rises until it nearly reaches the lips of the image, and 
then immediately subsides, without any cause visible 
to the eye of the spectator. ^ Sometimes the syphon is 
concealed in the handle of th^ vessel, but the effect is the 
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254. Intermittent Springs, — The phenomena of many 

QuBSTiON 282. What will be the effect if the water is made to rise around the shorter 
leg of the syphon until it reaches the highest part of the tube 1 253. How is the toy 
called TantaJugi-eup constructed 1 What is the effect when water is poured gradiully 
into the vessel so as to raise the surface nearlv to rhi» month of the image Y 



atermittent springs may be explaiaed on the principle of 
(be sjphon. Some of these springs ebb and flow alter- 
nately, and others have a periodicafswell ; a much greater 
quaDlity uf water being discharged at one time than at 
another, the changes taking place at regular intervals. 

255. Common springs are evidently merely the outlets 
of natiffal reservoirs of water which exist in every part oi 
the earth, and are filled by the water which falls upon the 
surface in rain and snow, and gradually percolates through 
tbe 8oil!| When these reservoirs are near the surface, the 
supjdy^f water sometimes ceases during long-continued 
droughts, and the springs of course become dry ; (but 
they are often situated so deep in the hills, that no tem- 
]>orary cause of this kind can affect them, and they con- 
tinue to flow at all times alike!\ 

But,; if the aperture or ominnel through which the 
water of the reservoir discharges itself, in some part of 
its course rises considerably above the bottom of the res- 
ervoir, a natural syphon may be formed, which will cause 
the spring constituting its outlet to exhibit an intermit- 
tent character. ' 

Let A F be a section of 
part of a mountain con- 
taining a cavern, C, deeply- 
seated in it, and having an 
rrture or channel, D E 
, leading from it to the 
valley or plam at its base 
The water which falls m 
ram and snow upon the 
mount am m percolating 
through the soil will find 
its way by natural fissures, as m n to the cavern withm 
and gradually fill it, until the surface rises to the level a, a, 
of the highest point, E, in the aperture leading from it 
A discha^e wilt then take place from the spring, which 
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if the channel is sufficiently large, may be so rapid as 
gradually to reduce the quantity of water in the cavern, 
though the supply is continued ; /but, when the surface 
has &llen to the level, b b, the air irom the cavern, C, Vill 
find admission into the passage, and the discharge of 
water will cease until the reservoir is again filled to the 
horizontal level, a a, as befor^ When this takes place, 
the passage will again be filled, and the spring again com- 
mence flowing. 

If the part of the channel, E F, is of considerable length, 
water may drain directly into it from the soil in sufficient 
quantity to cause a small discharge of water from the 
spring while the cavern is filling, so that the flow may 
never entirely cease. 

256. TRc Hydraulic Ram. — The hydraulic ram is an 
instrument for raising water by means of its own momen- 
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lum ; or rather, a column of water by means of its mo* 
mentom is made to raise or pump up a part of itself to a 
higher level. 
It consists of a main pipe, C A, leading from the reser* 
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voir, and having at its lower extremity, A, which is turned 
upward, a valve opening downward and of course remain- 
ing open when not in use ; an air-vessel, B, with a valve 
opening upward which connects . it with the main tube ; 
and a delivering pipe, D, by which the water is discharged 
at the necessary height. 

Now suppose the water to be let* into the main pipe 
from the reservoir, the valve at A being open, the water 
will flow freely through it until the current becomes so 
strong as to lift and therefore close it. The current 
being then suddenly checked, the momentum of the col- 
umn of water in the tube will cause a portion of it to be 
forced up through the valve into the air-vessel B. If now 
the valve at A should keep its place there would be no 
more action of the instrument, but it is made so heavj 
that it falls as soon as the current ceases to flow, but is 
again raised when the water conifnences to run freely. 
When the current is again checked, a portion of water 
is forced into the air-vessel as before ; and thus the 
action continues until at length the water begins to 
flow in a continuous stream from the delivering pipe D. 
The instrument once put in operation continues to run 
without further attention until some part of it gives way. 
It has been estimated that for every foot of tail in the 
main pipe, it will raise one-sixth of the water passing 
through it to the height of ten feet. 

The hydraulic ram has of late been much used for prac- 
tical purposes in the nortHern states. 

257. The Diving-Bell. — This is an instrument to ena- 
ble persons to descend with safety beneath the surface of 
water. Though persons may with impunity descend un- 
protected a considerable depth in water, it is well known 
they can remain but a short time before they are obliged 
to come again to the surface to receive a supply of fresh 
^r. The longest period a person without much experi- 
ence may remain under water with safety, is said to be 
only about half a minute ; but, by long practice and pain-» 
ful exertion, one may at length become so accustomed to 
the efibrt as to be able to endure the deprivation of air it 

QcstTioif 267. What if the detign of the diinng-bdl? Can persona onaaaiated re* 
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requires for two minutes. A few instances are on record, 
in which some of the pearl-fishers of the island of Ceylon 
have remained beneath the water four, five, or even six 
minutes ; but such cases are exceedingly rare. But even 
this period is evidently too short for a person to perform 
any important operation about a sunken wreck, or in 
preparing to raise large articles that may be lying upon 
the bottom. 

258. By the assistance of the diving-bell, persons are 
enabled to descend to great depths, and remain a con- 
siderable time. The diving-bell, in its simple form, is 
merely a large and strong vessel in the shape of an ordi- 
narj- tell or receiver. It is usually made of metal ; and 
if constructed of wood, it must be loaded with weights to 
cause it to sink. 

' When a descent is to be 
made, the person places him- 
self inside, as represented in 
the figure, (in which the bell is 
supposed to be transparent,) 
on a seat prepared for the pur- 
pose, and the attendants let 
the apparatus down in the 
water by means of a rope. Aa 
it descends, the air is con- 
densed in the upper part by 
the pressure of the water ; but 
a person within, it is found, 
experiences little if any incon- 
venience. When the bell 
nearly reaches the bottom, a signal is given by the per- 
son within to the attendants above by means of lines 
passing out under the edge, and the whole is retained in 
a fixea position, while exploration is made of the bottom 
within the circle of vision beneath. When it becomes 
necessary, the apparatus is drawn up, and its position 
changed. It is generally let down from on board a ship. 

dMin for «nToi>inha(T«hle time undfrnruerl WhillilheloDgmnwiod in iLMpfri- 
EDcnl penanMuruDsinnndrrwUerwllhurtWI 2sa Whu l> »ie farm of tlu drt- 
Ini-bell I Whu ia It aiiiilly mide oft Vfbnc don at ptnon wba i> (bout U 
dMMnii pliMhimKlf) Howmlhe nertoni wilfiiinB»bl*d lo ilve lifnili to ""I"'" 




PN^BUMATICS. 167 

A.S will natu/ally be supposed, a person can not remain 
ft very great length of time below the surface, even in a 
diving-bell, by reason of the contamination of the small 
portion of air within by his breath. The vital principle 
of the air is rapidly' absorbed by respiration ; and if no 
new supply of air is obtained, the person will in time as 
surely die in the divins-bell as if he was plunged directly 
into the water. To obviate this difficulty, an air-pump 
has sometimes been used, with a long pipe extending from 
it, by which fresh air from the surface may be rorced 
down under the bell. Various contrivances have also 
been proposed at different times by which persons may 
be enabled to leave the chamber oi the bell for a time to 
search the bottom in its vicinity. 

By the use of the diving-bell, and apparatus connected 
with it, much valuable property that had been sunk in the 
sea has been recovered, which would otherwise have 
been totally lost. 

* '259. Bellows, — The various kinds of bellows in use are 
properly air-pumps for forcing this element in some par- 
ticidar direction or place. (The common hand-bellows 
consists of two boards which are connected at their edges 
by pieces of leather carefully nailed all around, except a 
small space where the upper board is attached to the 
lower by a hinge ; and from the same point a small tube 
proceeds called the nozle. In the lower board is a hole 
covered by a piece of thick leather, which constitutes a 
• valve. Now, when the upper board is raised, a vacuum 
is produced within, and the air rushes in through the 
valve in the lower board ; and when the two boards are 
again pressed together, a strong current is forced out 
through the nozle, as every one has seen. 

In the case of the bellows described above, the current 
of air from the nozle is of course suspended every time 
the boards are drawn apart ; but a continuous blast may 
be producc(f by introducing a third board with a valve 
between the H wo boards of the above bellows, the leather 

QuiSTioN 269. How is the common hand-bellows constructed 7 How does the air 
enter when the instransent is opened ? What is the effect prddoeed when the boards 
*n pressed together 1 How mar the bellows be constructed so as to produce a con 
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BUwing Fan, 



being nailed to the edges of the three boards."^ This con 
Btitutes the double or forge-bellows. It is in fact a double 
instrument. When the lower board is raised, the air 
within the lower bellows is forced into the upper through 
the valve in the middle board, and from this it is forced out 
in a continuous current by weights placed on the upper 
board. This bellows may be seen in constant use in 
every blacksmith's shop ; occasionally, thoi^h rarelv, the 
forn^is modified, but the principle of action i& always 
the same. 

Within a few 
years past, the 
simple yfan used 
in the ^common 
winnowing ma- 
chine, so well 
known among 
fariners, has to a 
considerable ex- 
tent superseded 
the bellows. A B D is a side-view of the instrument as 
generally used. It consists of a cylindrical box, usually 
not more than 3 or 4 feet in diameter, and from 1 to 2 
feet in the other dimension. At C, is a circular aperture, 
from 8 to 12 inches in diameter, showing within the box 
a portion of the four fans and the end of the axis to which 
they are attached. E is a side-view of the fans attached 
to the axis removed from the box. Now, suppose the 
fans in their place in the cylindrical box are made to 
revolve rapidly in the direction indicated by the arrow 
at E, a strong current of -air will be made to pass out 
through the aperture or tube, A D, a corresponding cur- 
rent at the same time passing in at C. 

This instrument is now extensively used on board of 
steamboats that use anthracite coal for blow ng their fires, 
and also in iron and other furnaces. ; In the common 
winnowing mill, as already remarked, ' it has long been 
employed. 

tinuous current ? Wbat inatromeDt is now used to a considerable extent as a nMi* 
tnte for the bellows 7 What does it consist of 1 How is the current of air prodOMQ 1 
What use is made of it on board of steamboats that bum anthracite coal 1 
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Bodiet weighed* in Air. 



260. Weight of Bodies in Air, — 
The weight of bodies in air is dimin- 
ished in the same manner as when 
they are immersed in water, (171,) 
though the loss is not so great in con- 
sequence of the lightness of air. 
[ Light and bulky substances, therefore, 
lose much more in proportion than 
compact heavy ones. This is easily 
shown by means of a delicate balance. 
Let A be a hollow sphere of brass, 
which is just balanced by a solid 
sphere of lead, B, when in the open 
air ; then placing them thus balanced 
under a large receiver, exhaust the 
air by means of the air-pump, and the 
larger body. A, will be seen to pre- .^ 
ponderate. The effect will be the same, if, instead of the >^ 
hollow sphere. A, a piece of dry sponge, or a bunch of 
cotton or feathers, closelv tied, be used. The reason is, 
that the larger body, displacing more air than the smaller, 
is sustained more by it than the smaller, and conse- 
quently it must be really heavier in order that an equi- 
poise may be produced in the air ; and when the air is 
removed, the neavier body, being no longer supported, 
will of course preponderate. From this it will be seen, 
the common method of weighing is not perfectly accurate, 
as it must always require more of light and bulky arti- 
cles, as wool, leathers, &c., to make a pound, than it 
does of heavy substances, as the metals. A pound of 
feathers or cotton, therefore, as ordinarily weighed, must 
always be heavier than a pound of lead. In order that 
the pound of the two substances should be perfectly equal, 
it would be necessary that they should be weighed in a 
vacuum. 

261. Balloons. — The balloon, or, as it is sometimes 
called, the air-balloon, /is a kind oif vessel designed for 

QussTioK 260. Do bodies weigh less in the air than thej would in a ▼acuum ? Do 
comparatively light or heavy bodies lose moat in proportion when weighed in the air 1 
How may this be shown by experiment 1 As ordinarily weighed, it the pound of cot* 
con or feathers, or the pound of lead, heaviest 1 261 . What is the design of the balloon * 
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navigating the air.^ We have just seen that bodies in the 
air, by reason of its sustaining power, lose a part of their 
weight ; and it is evident that, il(a body of sufficient bulk 
in proportion to its weight could be obtained\ it would 
rise in the air above the surface of the earth in the same 
manner as a piece of wood or other light substance will 
in water when held at a distance beneath the sur- 



•ise 



face. But, unlike the piece of wood in water, a body of 
this kind could not rise and float upon the surface of the 
air because of its diminished density at great heights. 

The method first adopted for constructing balloons |^as 
to obtain large vessels from which the air mi^ht be ex- 
hausted, and thus their weight diminished, while the bulk 
remained the same^ It was supposed by the early experi- 
menters that hollow spheres of copper might be made 
sufiiciently light for this purpose ; but it has been found 
by trial that vessels made in this manner must necessa- 
rily be so weak as to be crushed inward by the great 
Pressure from without, as soon as the air within is ex- 
austed. 
The first ascent in a balloon was made by an individ- 
ual in Paris in the year 1783, who rose to the height of 
3000 feet, and descended again in safety. The machine 
which he used ^consisted of an immense elliptical bag, 74 
feet long, and 48 feet in diameter, filled with heated air, 
to which was attached a kind of basket, made of wire, to 

contain the aeronaut. Under an 
aperture at the bottom of the bag an 
iron grate was suspended containing 
burning fuel to maintain the rare- 
faction^ 

Small balloons made of paper may 
be easily caused to ascend to a con- 
siderable height(1)y means of the rare- 
faction producea by burning alcohol?; 
Let A be a spherical bag, 4 feet iii 
diameter, made of tissue-paper, and 




Balloon. 



What is necessary in order tliat a body may be made to rise in the atr 1 What wm the 
method first adopted for constractioff balloons ? Can hollow spheres of metal be mado 
po as to be at the same time sufficiently strong to resist the external pressure when ex- 
hausted, and siiffieieutly light for the purpose of a balloon 1 When whs the first asceaf 
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having a circular opening at the lower side, B, 8 or 10 
inches in diameter. In the centre of this opening, a piece 
of sponge, saturated with alcohol, is then to be attached 
by means ^f small wires, and the alcohol inflamed. As 
the air is heated by the flame, it expands and rises in the 
balloon, inflating it ; and, when a suflicient quantity has 
accumulated, causing it to ascend in the air. When the 
alcohol is consumed, the air within the balloon is soon 
cooled, and it wain descends to the surface) 

The cause ox the ascent of such a macnine is easily 
understood. Air, when heated, as just intimated, is 
^greatly expanded^ so that a given bulk is much lighter 
than when cold; consequently, the balloon, with the 
sponge and alcohol, when filled with heated air, is lighter 
than the same bulk or volume of the surrounding cold 
air, and therefore rises through it. 

262. Large balloons^ designed to ascend any consider- 
able distance above the surface, are now usuallv made o1 
(oiled silk,] and inflated with(liydrogen gas) which is admi- 
rably aaapted for this purpose, being 
•^bout 14 times lighter than air; It is 
Indeed the lightest substance known 
in nature* (For mode of preparing 
it, ^,t see Author's larger Chemis- 
try, page 150.) 

Tne balloon is madejin a spherical 
form of oiled silk, and to it the car, 
made as light as possible, is attached 
by numerous cords drawn over it, in 
order that the weight may be uni- 
formly sustained by every part. The 
figure in the margin represents a bal- 
BaUoon and Car. loou inflated, with the car attached to it. 

A B is the balloon, with the net- work 
drawn over it to sustain the. car ; C, the car ; and P D, 
the parachute, /resembling a large umbrella. This last 
appendage makes no necessary part of the machine, but 

Tf^ 

OMde tn« InXioontf HoW wm the Iwlloon used on the occasion constructed? Her 
may smaU balloons of paper easily be made to ascend ? What will be the effect whe . 
the alcohol is eonsumedl ^Why Is air when heated lighter than when cold? 91* . 
What are large balloons now usually made of? With what are they inflated I WK ** 
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172 NATURAL PHILOSOPHY. 

is usually added/in order to prevent a too rapid descent 
of the car, should it by any accident, as sometimes hap- 
pens, become detached from the balloon, or should any 
accident happea to the balloon itselA In one instance, 
the balloon being detached from the car at the height oi 
8000 feet, the aeronaut, by means of his parachute, de- 
scended in safety. 

As the atmosphere diminishes in density above the sur- 
face, it is evident that a balloon which has considerable 
buoyancy near the surface, if its volume remains the 
same, will be capable of rising comparatively only a short 
distance ; but, as the density of the atmosphere dimin- 
ishes, the pressure diminishes also ; and, as a necessary 
consequence, as the balloon rises, the gas within it ex- 

1>ands. To prevent danger from the bursting of the bal- 
oon by this expansion, it is not fully inflated at first, but 
gradually becomes so as it ascends. A valve opening 
outward is also placed in the top to allow the gas to 
escape if the internal pressure becomfes too great. 

263. The greatest height to which balloons have been 
made to ascend does not exceed that of the highest moun- 
tains, or something less than 5 miles. At elevations 
much less than this, great cold is always experienced ; 
and the effects of the diminished pressure upon the aero- 
naut becomes apparent by the quickening of the pulse, 
and parching of the throat and swelling of the head. 

Birds let fall from great heights, it is said, at first de- 
scend almost perpendicularly, their wings not being capa- 
ble of sustaining them in a highly rarefied atmosphere. 

264. (The impossibility of guiding balloons has as yet 
prevented them from being made of any practical use ; 
they can be made to move only before the wind, which 
does not always blow in the same direction, even at slight 
elevations above the surface, as it does at the surface. 
Hence, if the aeronaut delays until the wind at the sur- 
face is in the proper direction to make ^ desired passage. 

It this sabstance selected ? How much liebter is it than air 7 Of what form is the bal 
oon made 1 How is the car attached to ft 1 What is the parachute 7 What is its de> 
^gn 1 Have persons descended in safety from great heights br means of the parachute 
alone 1 264. what has prevented balloons from being made of any practical osel 
Does the wind always blow in the same direction above the surface, as U 1«9t at ths 
vur&ce? 
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on ascending a little he may find it blowing toward a 
different pointy so as to drive him far from his expected 
course. Individuals have, however, several times crossed 
the channel between England and France, but not with- 
out exposing themselves to great danger. 

265. Attempts were made under Napoleon to render 
balloons useful in military operations, by enabling a sen- 
tinel to view the position and movements of the hostile 
army from an elevated position. When used for this 
purpose, the balloon was inflated and secured to the 
ground by a rope at such an elevation as was desired, 
and signals made by the observer to the oiGcers below. 
At the battle of Fleury, a French general ascended in this 
manner to the height of nearly 1500 feet ; and it has been 
said that the information he was able to communicate to 
his commanding officer, general Jourdan, by means of 
signals, decided the fate of the contest. 

266. Instead of hydrogen, the gas prepared from bitu- 
minous coal, or from resinous or .oily substances, and used 
for illuminating purposes in most large cities, is now often 
used for inflating balloons, in consequence of its cheap- 
ness. Though much lighter than air, it is considerably 
heavier than hydrogen ; and balloons in which it is to be 
used, in order to ascend with the same force, must be 
made larger than those designed for hydrogen gas. {For 
method ^calculating the buoyancy of a balloon, see Author's 
larger Chemistry , page 154.) 
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267. The steam-en^ine(is a machine for producing mo- 
tion by the elastic force of steam from boiling water. 
Though it is an instrument of great power, its invention 
is comparatively very recent ; indeed, it has only been 
brought to a state of perfection (if so much can even 
now DC said of it) within the last few years. 

Water boils, or is converted into steam, as is well 

QiTSSTiOM 267. What is the ateam-engine? At what temperatare doet water beilt 
How many tixn<>8 is the bulk of water expanded in changinf into steam 1 How ma^ 
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known, whenever it is heated 10^212"* 
of Fahrenheit's thermometer^ iind the 
steam formed from any given quantity 
o^ water occupies .1696 times as mucn 
space as the water itself! Consequently, 
if a vessel capable of being closed air- 
tight be partly filled with water, and 
heat applied so as to convert a por- 
tion of it into steam, it will fill the 
whole vessel, and unless it is very 
strong, will burst it. If a small ori- 
fice is made above the surface of the 
water within, a jet of steam will issue 
from it with great force. If to this 
orifice a cylindrical tube is attached, 
containing a solid piston and rod,^the 
piston will be forced out before the 
steam, carrying with it whatever may 
be attached to the rod^ This may be 
illustrated by the accompanying figure. 
A B C is a large glass flask or mattrass, 
having a long cylindrical neck, B C, ot 
as equal a diameter in every part of its 
length as possible. The bulb or body 
of the vessel. A, is to tie partly filled with water, and the 
piston, P, inserted by means of the rod and handle at- 
tached to it. If now a lamp is placed under A, the water 
will soon be made to boil, and sufficient steam be formed 
to force up the piston quite to the top of the tube. But, 
if the lamp is removed,^ no more steam will beformed; 
and that within will soon be^in to be condensed into 
water by the cold air surrountung the outside of the ves- 
sel, producing a vacuum, and leaving the pbton to be 
forced down again by the pressure o? the atmosphere. 
If a little cold water is sprinkled upon the bulb. A, above 
the water, the steam will be condensed much sooner, and 
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the piston of course descend more rapidly. ^ By applying 
the lamp again^ the piston may of course be forced up as 
before. 

268. In order to understand this fully, it is necessary 
only to observe that, as water is converted into steam by 
raising its temperature to 212 degrees, so, if steam already 
formed has its temperature reduced below this point/ it 
will be again converted into watei\ and if, in the first 
instance, its volume was increased 1696 times, so also in 
the second it must be diminished in the same ratio. 

In this simple apparatus,/ A may be considered the 
boiler, and the tube, B C, the cylinder) as these terms are 
used in reference to the steam-engin^ 

It is very evident that an engine constructed after this 
model ^would accomplish but little^ as its motion must ne- 
cessarily be slow, the piston being urged in one direction 
only by the steam, and in the other direction by atmos- 
pheric pressure. In the steam-engine, as now used, the 
steam is let into the cylinder on both sides of the piston, 
its action being entirely independent of atmospheric 
pressure. 

v' 269. 7%e High-Pressure Enffine.-^There are two 
kinds of the steam-engine^' the high-pressure engine, as it 
is called, and the low-pressure engine; We will first give 
an explanation of the essential parts of the former, or 
high-pressure engine. As the machine, with all its appen- 
dages, is necessarily very complex, we shall find it for 
our advantage to confine our attention exclusively to the 
parts necessary to produce motion, arranged not as they 
are found in working engines, but in such a manner that 
they can be convenienuy represented on paper. The 
fi^re on the next page is designed to represent a section 
ot a boiler and cylinder, with its piston, steam-pipes, and 
valves. (B is a section of the boiler partly filled with 
water ;^A D the cylinder ; Q the piston h R, the piston rod 
which plays through a collar so as to be steam-tight. 
A/steam-pipe, S, passes from the upper part of the boUer, 

QuBSTioir 268. What effect is produced upon tteam if cooled below 212^1 What 
part of the appwatua, fifored in paragraph 269. may be considered the boiler, and what 
th«^liDd«r 1 Would an engine conatructed aner the above model be effective 7 269. 
Vn^at two kind* of the steam-engine are there ? In the figure, what ia the boiler. 
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and branching into two parts, connects with the cylinder 
at the top and bottom. ^Another pipe is placed on the 
opposite side of the cylinder, connecting also with it at 
the top and bottom^ called the escape-pipe, having aa 
opening at T. MNO and P are valves which, for our 
purpose, we will suppose to be opened and shut by the 
hand, as occasion may require. C is a safety-valve, 
which is kept closed by a weight attached to the lever. 
It is designedfto prevent danger by the bursting of the 
boiler from a too great accumulation of steam within^ 
When the pressure has increased to a certain point, thll 
valve is lifted by it, and the steam makes its escape. 




Btth-Pn—un Eneine. 



270. Now, suppose the fire to be kindled under the 
boiler, and the space above the water filled with steam, 
which will find its way along the steam-pipe to the valves 
M and N ; if the valves N and O are now opened sim- 
ultaneously, the steam will rush into the lower part of the 
cylinder, and 'by its elastic .force raise the piston, at the 

•ltd wtau Ita* crlindcr ud plfton 1 Bow ira the bolter (ndcrUDdereoniiMtdll Whf 
dad Ihli pipe bnnoh Lnio two panel Whatlelb* eiupe-pipil WbU le Ihe dialn 
o( (he iBretT-velve 1 370. Sappoalng Ihe Heem lo be niaid, ^ow d»t the pleton b* 
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Bame time drivins out the air above it through the valve, 
O, and aperture T. When the piston has reached the 
top of the cylinder, the valves N and O are to be closed, 
and M and P at the same time opened ; the steam from 
the boiler will then pass into the c](linder above the pis- 
ton, forcing it down, that below it escaping by the valve, 
P, and aperture, T, as before. To cause the piston aeain 
to ascend, the valves M and P are to be closed, and N 
and O at the same time opened ; thus, a reciprocating 
motion of the piston is produced through the length of 
the cylinder,(by opening and closing two valves at each 
stroke^ The force with which the piston will move will 
depend upon the amount of pressure of the steam upon a 
square inch, and upon the diameter of the cylinder. 

We have here supposed the valves to be opened and 
closed by hand — ^and this was the method actually * 
adopted in the first steam-engines — ^but it is now accom- 
plished by the action of the machinery itself. 

271. It will be observed, too, that the escape-pipe 
opens^irectly into the air) so that the steam, after having 
produced its effect, is forced out at T, against the pres- 
sure of the atmosphere. Consequently, the pressure of 
the steam in the boiler, in order to move the piston^ must 
be more than equivalent to the ordinary atmospheric'pres- 
sure ; hence, an engine of this construction is called a hig?i- 
pressure engine, in contradistinction from the low-pressure 
engine f in which the escape-pipe opens into a vessel of cold 
water called the condenser, as will shortly be described.. 

272. The Low-Pressure Engine, — The next figure is a 
section of the cylinder, condenser, air-pump, &c., of a 
low-pressure steam-engine. All the parts immediately 
connected with the cylinder iire/ precisely the same as in 
the high-pressure engine; but' the escape-pipe at T, 
instead of opening into the air, enters a large cistern, 1, 
2, 3, 4, whicn is kept filled with cold water. Q H is an 

lore«d Qp to the upper part of the cylinder? How mav it be again forced down 1 
What now is necessary to give the piston a constant reciprocating motion 1 Are the 
▼aires always opened and closed by hand? SZTl. Into what does the steam escape in 
this engine f Most the prearare of the steam in the boiler, tharefore, be always greater 
than the ordinary pressure of the atmosphere 7 Into what does the steam escape in the 
low-pressure engine 7 What is the essential difference between the high and mo prea* 
sure engine 1 272. Are the boiler, cylinder, piston, Ac., the same in both the high and 
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air-pump, connected with the escape-pipe by a lai^ tube 
and valve. At V is a abort tube with a faucet by which 
water is admitted from the cistern to condense the steam 
as it enters from the escape-pipe, T. As a vacuum is 
always kept up in the condenser by the air-pump, tho 
cold water will of course rush in by atmospheric pres- 




373. It will now be easy to understand the construc- 
tion and the mode of action of this engine, and in what 
it differs from the high-pressure engine. The air-pump 
is worked by the engine itself; it is called an air-pump 
because the design of it isgto keep up a vacuum in the 
condenser by exhausting the' air at first contained in it,^ 
and any that may enter with the steam or with the water 
from the injection-pipe V. It also removes the water 
that enters by the injection-pipe, which is allowed to 
escape by the pipe at G. 

274. There are in the perfect engine several othet 

lowprtMursfBgiiinl 273. WtiUlsltis an ortbs tirpamp la thlBcnfiscI Bowk 
[he w»i«r Ri^n w mlw ilw condemer 1 How !■ ibi sfrpiunn work«d ) How li Iba 

Wtal li Ibt DM of the hot-*uer pamp I A« ths pirta of Ibl ongiDB il™cribtd »]»«7i 
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parts not here represented, as a cold-water pump, io keep 
the cistern 1, 2, 3, 4, constantly supplied) and also a 
hot- water pump, which(takes a portion of Che water that 
has passed through the condenser, and forces it into the 
boiler, in which the water must be kept at nearly a uni- 
form height. These parts, as well as those represented 
in the figure, though always performing the same ofEce, 
are often/yariously constructed and differently situated,"^, 
as convenience in particular cases or caprice may dictateT 

275. The manner in which a rotary motion is commu- 
nicated to a wheel by the reciprocating motion of the 
piston-rod, may be readily conceived by noticing the 
common itinerant knife-grinder turning his grindstone by 
means of a treadle and crank. /Putting the stone first in 
the. proper position by the hano^ by a downward motion 
of the treadle and crank, it begins to revolve ; and as 
soon as the crank has reached its lowest point, by lifting 
the foot, the revolving motion is continued by the mere 
momentum of the parts until half a revolution is made, 
and the crank is again in the proper position for a new 
impulse to be given it by a second downward motion of 
the treadle, as befor^ By properly managing the mo- 
tions of the foot, a great velocity may be given to the 
stone, even though considerable resistance is to be over- 
come. 

In the case of the knife-grinder, the foot, the propelling 
power, can have^hut a single downward motion, and can 
act only through' half a revolution of the stone; but if, 
instead of the foot, a rod is used, attached by a hinge- 
joint to the piston-rod of a steam-engine, an impulse can be 
given both upward and downward, by which a much 
greater resistance can be overcome, and steadiness of 
motion secured. There must, however, always be two 
points, called the dead-points, by which the revolutions 
must be continued by the momentum of the machinery. 
To insure steadiness of motion in every part of a revolu- 



teonatroeted In the 8ame,manoer? 27B. How is the rotaiy motion prodaced by meaiM 
of the engine which gives directly only a reciprocating motion 1 How doea the knife> 
grinder torn his grindstone by means of a treadle 1 In the case of tlie knife-gnnder, 
does the propelling power act in more than one direction 1 In the steam- engine, in 
what direction is the impulse given t What is the use of th^ Jty-whetlf 

16 
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tion of the crank, a large heavy wheel, called ^fiy^joheeh 
s often attachetl, especially in small engines, in which 
the parts of the engine itself have but a small 
momentum. 

276. The. Rotary Steam Engine, which has 
been some used, is propelled by the reaction 
of currents of steam issuing from a wheel, in 
the same manner as the water in the reaction 
water wheel already (204) described. 

Rockets are propelled through the air by 
means of a current of heated sas issuing in 
this manner from a tube. A kind of gun- 
powder (if it is proper so to call it) is made, 
that burns much slower than that usually 
seen ; and a tube of strong paper is filled with 
it, and one end inflamed; and the rocket 
shoots rapidly into the air by means of the 
current of heated gas that is produced and 
rushes out from the tube. A long slender 
stick is usually attached to it, to direct it in 

MBTS«B«L«OT. '\ 

277. Meteorology^ a branch of science which treats of 
the various phenomena of the atmosphere^as heat, cold, 
rain, snow, hail, clouds, winds, &c. The temperature of 
the atmosphere(is exceedingly different in different parts^ 
even though in the immediate vicinity of each other. 
As a general rule, admitting of few exceptions, the strata 
nearest the earth are warmest ; and, as we ascend, a 
gradual reduction of temperature is observed to the high- 
est point that has been attained by man. The reason of 
this probably is, in part, because the air receives its heat 
chiefly if not whoUy^from the earthy the rays from the 
sun pass through it, as they do through glass or other 

Qttbstion 277. What is meteorology 7 Is the temperatare of the atmorobere the same 
In everj part 1 From what does the air chiefly receive its heat 1 Do tne rays of hea& 
^om the sun generally pass throatrh transparent bodies without heating them 1 When 
the air near the surfiioe becomes heated, will it always rise and give place to surroand ' 
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transparent media, without affecting its temperature; 
but, being received and absorbed by the earth, a portion 
is again imparted to the atmosphere, of course heating its 
lower strata first. Another cause is found in the fact, 
that, as any portion of air ascends above the surface, a 
great expansion takes place by reason of the diminished 
pressure to which it is subject ; and this it is well known 
is always attended by a reduction of temperature. As 
the strata near the earth are warmer than those above, 
/ft might be expected that they would rise and give place 
nr the colder portions, according to the general law of 
fluids in such case^* — ^and this to a certain extent un- 
doubtedly does take place — ^but while the lower strata are 
warmer than those above, they are at the same time 
under greater pressure, and may therefore be more dense. 
If the temperature of the lower strata is raised above a 
certain . point, they become so rarefied, notwithstanding 
the greater pressure to which they are subjected, as to 
rise and give place to surrounding colder portions. 

As the coldnncreases in proportion as we ascend above 
the surface) u is evident (that a point may be attained, 
above whitm, even on the equator, ice and frost will re- 
main during the whole year. This is called the altitude 
of perpetual congelation. "This is found by observation 
to DC on the equator aboutQ5,600 feet above the level of 
the sea^ at 20 dcCTces from the equator it takes place at 
the height of a little more than(].3,700 feet,; and 45 
degrees from the equator at aho}it~^65B feet; while at 
the poles, and indeed at some distance from them,'Jce 
remains during the year upon the surface of the sea. ■ 

But it is often found that different strata of air, imme- 
diately adjacent to each other, are at very different tem- 
peratures. Thus, the aeronaut in ascendingi often passes 
suddenly from a warm to a very cold region, where snow 
and hau are forming"^ but, on rising higher, it becomes 



-a-^ 



Ing colder portions? How does the temperature cbange as we ascend from the anr- 
&e«1 What is meant Iqr the altitude of perpetual congelation 7 What is this altitude 
oo the equator 1 What is it at 20 degrees from the equator 7 What is it at the distance 
of 46 decrees 7 And what at the poles 7 What is often observed by the aeronaut as he 
ascends m his balloon throufh different strata of the air 1 How may the occurrence of 
the different strata in this manner be accounted for 7 

* Bee Authnr*s larger work on Chemistry, page 20, and small work, page 17. 
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warmer again. This, no doubt, is Occasioned by local 
currents in the atmosphere^ by whicfi portions of the air 
of different latitudes, and"^ perhaps distant places, are 
brought into the immediate vicinity of each other. 

278. ^'ind is moving air^ and is occasioned (igenerally, 
it is sup|)osed, by changes of temperature in dinterent re- 
gions of the atmosphere) When the air in a particular- 
district becomes heatedabove that in surrounding parts, 

(it rises, and the colder air in the vicinity rushes in to sup 
ply its place^ This is well illustrated (by the phenomena 
attending tKe kindling of a large fire m the open-air in 
calm weathe^ By passing around the fire, it will be ob- 
served that tKe wind blows toward it on every side : while 
above it a current setsmpward with so much force that 
fragments of the burning materials are often carried up to 
considerable heights. The accidental burning of a build- 
ing in a calm evening sometimes affords an opportunity 
of witnessing these effects in the most striking manner. 

279. The rise of smoke in a thimney, and the current 
of air produced in the pipe leadi ig from a stove, .are de- 
pendent upon the same cause^ /The air being heated by 
the fire and expanded, becomes lighter than the surround- 
ing atmosphere, and therefore rises, often with considerable 
force^ Before a fire, near the floor, a current will always 
be found setting^oward the fire to supply the place of 
that which is constantly ascending in the chimney) The 
same will be observed of the air in front of a stove ; but 
only a slight current will in this case be discovered,/§[ince 
the quantity of air that passes up the chimney is much 
less than when an open fire-place is used^ We see, there- 
fore, the reason why the same quantity of fuel will heat 
a room much more when burned in a close stove than 
when an open fire-place is used ; in the first case; no more 
air is allowed to enter the stove and pass up the dhimney 
than is necessary for the combustion of the fuel; but 
when an open fire-place is used, much heated air from 

QrESTiON 278. What is wind 7 How is the motion of the air occasioned ¥ What 
affect is produced when the air in a particular district becomes heated above that of 
surrounding regions? How is this illustrated? 279. What occasions the rise of the 
smolie in a chimney and the pipe of a stove? fn what direction does the air move 
Bear the floor before an open fire in a room ? I.-*- ihr> current as pprceptib!e before • 
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ttie room escapes with the gas^s and smoke produced by 
the combustion) Of course (as much of cold air must 
always enter sTroom as there is of warm air that escapes^ 
and thus a large proportion of the fuel is expended to fio 
useful purpose (241.) 

We see here, too, whv the chimney of a new close 
room is likely to smoke, (in order that a strong current 
may be formed in the chimney, it is evident that a sood 
supply of air must be admitted from without ; but, if this 
is prevented by the closeness of the room, the current in 
the chimney can not be formed, and, as a necessary con- 
sequence, the smoke, instead of passing out by the chim- 
ney, rises in the room) When this is the case, a perfect 
remedy is usualljr fbund in opening some door of the 
apartmentQ)y which a good supply of air is admitted 

280. The land and sea breezes which daily occur on 
the coast and in the* islands of the tropid^ regions, (are 
produced in a similar manner, but on an immensely larger 
scale^ In some of the .West India islands thev occur 
wi til great regularity. (About 9 o'clock, a. m., the wind 
begins to blow from the sea toward the land on every 
side of the island, and continues until evening, when after 
a period of calm it commences to blow from the land in 
all directions toward the sea) The former is called the 
sea, and the latter the land breeze. They are occasioned 
(by the unequal effect of the sun's rays on the land and 
water, the latter being heated or cooled much less readily 
than the former) {^^e action of the sun's raysVn the 
morning soon faises the temperature of the land^ above 
that of the neighboring ocean ; and a portion of the heat 
being communicated to the air above it causes it to as- 
cend as before explained, and the air from the surround- 
ing water rushing in to supply its place, produces the 
regular sea-breeze. After sunset, the land (with the air 
above it) cooling more rapidly than the water, the latter 

close stove 1 What is the reason 1 Why will not the borning of a given quantity of 
fuel in an open fire-place heat a room as much as if it were burned in a close stove 1 
How is the place of the air supplied that escapes through the chimney ? Why is the 
chimney of a new close room likely to smoke 1 Why is the difficulty remedied usually 
by opening a door 1 280. How are the land and the sea breeses of tne West Indies and 
other tropical climates produced 1 At what hours do these breezes commence 1 How 
are these winds accounted for ? Why is the air over the land heated and cooled more 
readily than that over the watT ! 
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soon becomes wannest, and a current of air is established 
in the opposite direction from that in the morning, or 
from the land toward the sea, which constitutes the 
land-breeee. 

281. ftri some parts of the Indian Ocean^rom Novem- 
oer to March, the wind generally blows^fom the north- 
east to the south-west) and from March to November in 
the opposite directiorf; or from south-west to north-east. 
These winds are called monsoons ; their cause is not well 
understood,* but no doubt it is in part at least to be at- 
tributed |to the unequal distribution of the sun's heat over 
the surface during the different seasons of the year) It 
will be observed that the general direction of the wind is 
from the north of the equator toward the south, durins 
that part of the year in which the hea'jcng influence en 
the sun's rays is greatest at the south ; and in the op- 
posite direction during the part of the year when the 
sttn's heat is greatest at the north. This would seem to 
indicate that the rarefying influence of the sun's rays is 
a great, though not perhaps the sole cause of the phe- 
nomena. 
• 282. The same cause, it is very well ascertained, pro- 
duces the trade-winds, which blow constantly (Ifrom a 
general easterly direction to a distance of some 28 or 30 
degrees north and south from the equator in the Atlantic 
and Pacific OceansN North of the equator they are 
found to vary(from tne east to the north-easOand in like 
manner, south of the equator, their general direction is 
Qrom the south-east) but in both hemispheres they are 
subject to some variation, according to the season of the 
year, and are affected often by the proximity of land. 
By the diurnal motion of the earth, those parts of its sur- 
face exposed to the sun's more direct rays become heated 
above the adjacent parts, producing a disturbance in the 
equilibrium of the air above them, in the same manner 

QX7B8TION 281. Where do the winds called the monsoons occur 1 In what direction* 
do they blow from March to November, and from November to March 1 To what are 
these winds, in part at least, to be attributed 1 282. In what direction do the trade- 
tm'nd« constantly blow 1 North of the equator, in '^hat direction do thej vary 1 In 
what direction do they vary south of the equator 1 In what direction does the point on 
the surface of the earth, where the heating influence of the sun's rays is irreatest, con- 
stantly move? In what direction do the currents of air move in the upper r^ons ol 
»he atmosphere in those parts of the earth where I he trade-winds prevail 1 How has 
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as already pointed out. As the point of greatest heat is 
constantly progressing west with great rapidity, it is fol- 
lowed by a current of air setting toward it, though, as 
we should expect, on the north of the equator, inclining 
more or less from the northward, and on the south of the 
equator, from the southward. Above the regions where 
the trade- winds prevail, it has been very satisfactorily as- 
certained, there are. currents of air in the opposite direc- 
tions from the winds at the surface; that is, while the 
currents of air at the surface move in a general direction 
from east to west, in the' upper regions of the atmosphere 
they are moving in a general direction from west to east. 
Thus, when volcanic eruptions have occurred in some of 
the West India islands, ashes thrown out have been 
known to fall far to the eastward, though the wind at the 
.surface all the time was blowing /rom that direction. 

Q'he trade-winds north and south of the equator do not 
meet, as might be supposed); but there is a space of some 
200 or 300 miles betweSn them, called the region of 
calms, where there is seldom any wind. This fact en- 
tirely refutes the notion which formerly prevailed, that 
these winds are occasioned merely by the motion of the 
earth on its axis ; as the atmosphere, though it partakes 
of the motion of the earth, might be supposed to move 
less rapidly than the earth, and therefore, to persons on 
the surface, have the appearance of moving in the con- 
trary direction, or from east to west. On this supposition, 
it is evident that the wind should be strongest at the 
(equate^ where the motion of the earth is greatest, con- 
trary to what has just been shown to be the fact. 

283. Whirlwinds(^ve violents movements of the atmos- 
phere^ in a circular or spiral direction about an axis, the 
whole having at the same time a progressive motion. 
They occur chiefly an the tropical regions^ but extend 
also into the temperate zones. Sometimes they are of 
7ery limited) extent ; (at others they extend over a por- 
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this been aseertained 1 Do the trade-winds blow at the equator 7 May the constant 
ftasterbr direction of the winds between the tropics be occasioned by the diurnai mo- 
tion ofthe earth 1 On this supposition, where should the trade- winds be strongest 1 
S8a What are whirlwinds 7 where do they chiefly occur 1 What is said of their ex- 
ti>iitY What are tornado*? What are they called when they occur in the Chinese 
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tion of the surface included in a circle of several hundred 
miles in diametei) They then constitute the tornados ot 
the Atlantic ocean and West Indies, w[id(typ?ioon^o( the 
Chinese sea. In the western part of theAtlantic ocean, 
it is found, they usually copimence in the vicinity of the 
(West Indie^ and progress, with greater or less rapidity, • 
(}iIong the coast of the United Statesp toward the north, 
until they are dissipated or lost in hi^ northern latitudes. 
North of the equator, the whirl, it is believed, is always 
in the direction of the points of the compass,^. W. S. 
and Ei^; while south of the equator they are in the oppo- 
site direction, or fromj^. through the E. S. and "^jy 

284. Rain, Snow, Hail, Fog, — The atmosphere, it is 
well-known, even when dryest, always contains in it(a 
portion of watery vapor^from which (dew, fog, clouds, 
rain, snow, hailA &c., are formed. This vapor is con- 
stantly rising^r^m the surface at eveiy temperature^ut 
its formation is much the most rapid ^^n warm weathei^ 
and the atmosphere then contains the most moisture. Its 
presence is shown^henever a pitcher is filled with cold 
spring-water, and allowed to stand a short time, by the 
dew which forms upon its surface, and at length trickles 
down the sides in large drop^ 

O^Vhen a portion, of air near the surface charged with 
moisture is suddenly cooled, the water it contains is con- 

ensed, and becomes visible) producing fog and mist. 

'''hen the condensation takes place in the upper regions 
the atpiosphere^it forms clouds. These oiten remain 
freely suspended in the air without apparent change, but 
if a^ise of temperature occurs^ they gradually disappear, 
the particles being again dissolved in the air. (When, on 
the other hand, the condensation is continued to a certain 
point, the drops of water fall to the ground^constituting 
rain, Clf the cold is sufficient to freeze wafw- in that part 

•ea 1 When Ib it foand they usaally commence fn the western part of &e Atlantic 
ocean 1 In what direction do they then progren % In wiiat direction is the wliirl 
north of tbe equator 1 South of the equator 1 284. What is always contained in 
the atmosphere 7 What are formed from this vapor 1 From what is this Taper 
formed 1 During what season is it produced most rapidly 7 How may the presence 
of this vapor be shown in warm weather 1 How is fog produced 1 How are doiM* 
formed 1 What may often occasion the disappearance of clouds that hare remained a 
time suspended in the air? How w rain produced 1 How is SMtie produced? in 
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of the atmosphere where the condensation is taking place\ 
snow is produced, and falls in feather-like crystals. 

In that part of the United States on the coast of the 
Atlantic ocean, it is well known that the snow-storms 
usually come from the south-west, commencing earlier at 
Philadelphia than at New York, and earher at this place 
than at Boston, &;c. ; though the wind all the time is at 
the/horth-ea^ It is evident, therefore, that in the upper 
regions of the atmosphere, there is a current of warm air, 
moving/Trom the south-west to the north-eas^whilst at 
the sunace a current of cold air from the n^th-east is 
moving in the opposite direction. Now, supposing the 
warm air from the south to be highly charged with mois- 
ture, as it no doubt in such cases is, we have all the con- 
ditions necessary for the production of snow. (The mois- 
ture of the warm air, in mixing with a colder current 
from the north, is not only condensed but frozen, and 
falls to the earth as snow)^ 

286. Hail is producea(by the freezing of the drops 
after they are formed, by their passing through cold strata 
of the atmosphere, in the course oi their descent) In 
some few instances which have been recorded, hail-stones 
of enormous size have fallen, even several inches in 
diameter, — a fact which seems to indicate that a rapid 
accumulation must have taken place during their de- 
scent, from the moisture contained in the atmosphere. 

286. The Rain-gauge^ an instrument for measuring 
the quantity of water which falls in the form of rain, 
hail, &c., in a given time in any place^ This quantity 
is usually estimated in inches ; and when it is said that 
an inch of rain has fallen, the meaning is {that if the sur- 
face of the earth were perfectly level, the water which 
has fallen during the time supposed would be sufficient 
to cover it an inch dee^) 

There are several varieties of the rain-gauge, but one 

« 

what part of the United States bordering on the Atlantic ocean is it observed that snow* 
Aorms usually first commence 7 In what direction does the wind usually blow during 
these storms ? What must be the direction of the wind in the higher parta of the at- 
mosphere 1 How will the mingling of two such currents produce the results which 
are witnessed 1 286. How is hail formed 1 Do the bail-stones probably increase dur- 
ing their fall 1 286. What is the design of the rain-^atigt 7 What is meant when it is 
Mt.il an Mich of rain has fallen 1 How is the rain-gauge constructed 1 How much 
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1 c r of the following construction answers the 
1 r purpose well, and is convenient to use. /A 
^1- B is a glass tube an inch in diameter, ahd 

from 2 to 3 feet in length, and has cemented 
upon it at the top a metallic vessel or funnel, 
C, the mouth of which is four times as large 
as the tube itself; consequently, an inch of 
water in the funnel must fill the tube four 
inches. By the side of the tube a scale is 
attached . graduated into inches and propor- 
tional parts, which, however, are made four 
times as long as the common inch. Now, as 
the mouth of the funnel is four times t^at of 
the tube, an inch of rain falling into the fun- 
nel will fill the tube(fpur inches^ a sufficient 
space to allow a minute fractional division^ 

To determine the quantity of rain which 
falls, the instrument is to be attached to an 
upright post, and placed at a distance firom 
any building, so that even in windy weather 
the rain shall fall fireely into it. Snow and 
xaiH'gauge. j^^^^jj ^^^ ^^ j^^ caught in a vessel, the mouth 

of which is of the same size as that of the rain- 
gauge ; and after it is melted, the quantity of water is 
to be determined by pouring it into the gauge. 



CHAPTER IV. 

ACOUSTICS. 



287. Acoustics is the science which treats of the na- 
ture and laws of sound. 

Sound is the result of a vibratory motion produced in 
the air or some other elastic body^ Usually, whatever 

■ ■ > 

larger Is the mouth of the tube than the tube itself? How high does an inch of rain fill "^ 
the tiibe 7 Will the quantity of rain thai falls in windy weather be accurately indicated » 
287. What is the object of the science of acoustics ? What ts sound the result oft 
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may be the body in which this vibratory motion is first 
produced, it is conveyed to the eai^Sy means of the airj 
When these vibrations take place in a unifofm, 
regular manner/a perfect sound or tone is produced ; but 
if the vibr^ons are irregular and interrupted, a mere 
noise results^ 

The vibration of a sounding body may often 
be seen by the eye, as in the case of the lower 
strings of the violoncello, or the prongs of the 
common tuning-fork. The form of this last 
instrument is seen in the figure. When it is 
held by the handle, and the two prongs pressed 
together and suddenly released, or one of them 
struck against some solid substance, a distinct 
sound is heard; and by close inspection the 

J>rongs may be seen in rapid vibration to and 
rom each other, as indicated by the dotted 
lines. The particles of dust or sand upon a 
bell, when it is struck, are observed to be put 
in rapid motion. 

288. Condtiction of Sound by the Air, — 
Sound is conveyed from the vibrating body to 
the ear by means of vibrations in the air, as 
already stated ; hence, if a bell is placed under 
the receiver of an air-pump, as the air is ex- 
hausted its sound becomes less and less dis- 
tinct, until it can scarcely be heard. If the air be now 
finradually readmitted, and the bell in the mean time run^, 
the sound will be observed to increase in intensity fn 
proportion as the density of the air in the receiver in- 
creases. 

The figure in the margin represents an apparatus 
which is used for this purpose. It consists of a glass re- 
ceiver with a small bell inside, which, after the air has 
been exhausted by the air-pump, is rung by drawing up 
a rod that passes air-tight through the neck of the re- 




Tuning 



How are soundB eooTeyed to the earl What la the remit when the Tihrationa are 
regular, and what when they are irregular and interrupted t Ma^ the ▼ibrations of 
the aounding body be eometimea aeen by the eye 7 What is the rorm of the tuning* 
fork 1 288. What is the eiTect if a bell be atruck aeveral times as the air is exhausted 
from a receiver under which it it placed 1 What will be the effect as the air is again 
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ceiver. The bell must not be al- 
lowed to touch the receiver, nor 
should it stand directly upon the 
plate of the air-pump, as the vibra- 
tions will then be partially commu- 
nicated through the solids to the ex- 
ternal air, and thence to the ear. A 
piece of sheet India-rubber answers 
well to insulate it from the plate of 
the pump. 

289. Sounds are less intense on 
hiffh mountains than in the valleys 
bdow, in consequence of the dimin- 
ished density of the atmosphere. 
This would be expected from the 
experiment just described ; yet the 
explosions of meteors at vast eleva- 
tions have often been heard. In 
condensed air sounds become more 
intense ; an increased loudness of the voice is always ob- 
served by persons descending beneath the surface of the 
sea in diving-bells (257,) where the density of the air is 
greatly increased by the pressure of the water. 

290 Intensity, Pitchy Quality. — ^In comparing different 
sounds, they are readily perceived by the ear to differ in 
three particulars, viz. : intensity or loudness, pitch, and 
quality or timbre, if we may be allowed to use a French 
word. The difference of sounds in intensitv or loudness 
depends upon the greater or less extent of tne vibrations, 
and is readily perceived by every one ; but variations 
of pitch are not so easily recognized, at least by the un- 
educated ear. In music, differences of pitch are desig- 
nated by the terms high and low, sharp and flat, acute 
and grave. But sounds precisely alike in intensity and 
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admitted ? How is a bell made to ring under an ezhaoBted receirer 1 289. Why are 
■ounda lesa intense on high moantaina than in deep Talleya Y Haye the eznloaiona of 
meteors been heard at great heights 7 How is the intensity or sounds affectea in diving- 
bells as they are made to descend beneath the sur&ce ? 290. What three peculiari- 
ties in sound does the ear readily distinguish 1 Upon what does intenaity depend 1 
How are differences of pitch designated m music 1 If two sounds are alike in pitch 
and loudness. In what other respect may they differ f How is this illustrated 1 Can 
we distinguish different instruments when playing the same tune 1 
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pitch may yet differ in a third respect, which, for want 
of another term, we have called qualitt/. Thus, a wire 
extended over a table made of pine wood will give a dif- 
ferent sound from another extended over an oak table, 
though both are at the same pitch, and are alike as it 
regards intensity. So the sound of a flute and that of a 
violin, when playing the same tune, are entirely unlike as 
it respects this pecuUarity. 

291. The intensity- of sound, like that of attraction, 
(34,) diminishes as the square of the distance from the 
sounding body increases. The distance at which a 
sound may be heard depends very much upon circum- 
stances, as the state of the weather, the direction and 
force of the wind, nature of the surface over which the 
soimd passes, &c. The noise of the cannon at the battle 
of Bunker Hill was heard at Pittsfield, (Mass.,) 120 miles 
distant, over the uneven surface of the land ; but over 
the level surface of the sear the firing of guns has been 
heard at the distance of 200 miles. In one instance two 
persons held a conversation together over a frozen harbor 
a mile and a quarter wide. So it is observed that sounds 
are heard along a smooth wall much further than in open 
space. On the same principle, tubes, by confining sound 
and preventing it from spreading, may be made to con- 

* duct it a great distance. In large manufactories speak- 
ing-tubes are often used, which, extending from the over- 
seer's room to distant parts of the building, enable him to 
give his directions with precision,. and without delay. 

292. Pitch depends upon the number of vibrations 
made bv the sounding body in a given time. The lowest 
sound that can be heard is produced by about 32 vibrations 
a second, and the highest by not more than 10 or 12 thou- 
sand ; though it is found that ears difier, some being 
capable of hearing sounds so sharp as to be entirely in- 
audible to others. If the number of vibrations is less 
than about 32 per second, the ear distinguishes them 
separately, and a succession of blows is heard, the idea 

QvBSTioN 291. How doei the intensity of soands diminish with the distance 1 How hr 
nay sounds be heard 1 Why may sounds be heard further along a smooth wall or over 
ajmooth sorftce than in other situations 1 For what purpose are speaking-tubes U8e.d 1 
9A Upon what does pitch depend 7 How many ▼ibrationa are required in a second' to 

17 
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of a continuous sound not being produced. This is 
shown by making the end of a spring play against a 
toothed wheel. When the wheel is turned slowly, the 
successive blows of the spring are heard, and may even 
be counted ; but if the velocity is sufficiently increased, 
the blows are made to succeed ,each other so rapidly 
that the ear is incapable of separating them, and a con- 
tinuous sound is produced. As the wheel is made to 
turn more and more rapidly, the pitch becomes sharper 
and sharper, until the ear is incapable of judging con- 
cerning it. 

293. Velocity of Sound.- — Sound moves from place to 
place through the air with a velocity of about 1125 feet 

{>er second, or 12| miles a minute, and 765 miles an hour, 
t is found, however, that this velocity is somewhat 
affected by the temperature, state of the weather, winds, 
&c. 

By knowing the time that elapses after the production 
of a sound, we may therefore readily determine the dis- 
tance of its origin with some degree of accuracy. Thus, 
suppose that alter seeing the flash of a cannon fired at a 
distance, 30 seconds elapse before the report is heard ; 
as the sound must have advanced 1125 feet every 
second, the whole distance to the place where the cannon 
was fired must be 30 times 1125, or 33,750 feet, equal to 
about 6^ miles. 

Suppose, again, that in a thunder-storm, a flash of 
lightning is seen 10 seconds before the thunder is heard ; 
at what distance did the explosion take place ? Evidently 
it must have been 10 times 1125, or 11,250 feet, or about 
2| miles. 

294. Sound is conveyed in liquids and solids with 
greater velocity than in air. In water, sound moves 
with a velocity of about 4708 feet per second, being 
more than 4 times its velocity in the air. A bell struck 
under water in the lake of Geneva was heard at the dis- 



prodace the lowest sound aadiMe to the ear 1 How manj to produce the highest sound Y 
Row is this illustrated by the toothed wheel and spring 1 293. With what Telocity does 
sound move 1 Is this velocity varied by circumstances 1 Bow may we determine the 
dittance at which a cannon is fired, or the distance of a thunder-cloud? 294. Do 
liquids and sohds convey sounds more rapidly than air! What is the velocirv with 
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tance of 9 miles, the sound having been conveyed by the 
water. 

Solids conduct sound with still greater velocity than 
liquids. It has been determined by experiment that cast- 
iron will convey sound about 1 1,090 feet per second, or 
abbut 10 times its velocity in air ; while in some other 
metals, and some kinds of wood, it travels with still 
greater speed. 

Some very easy experiments serve to show the power' 
()r solids to conduct sound. If a person places his watch 
on one end of a long stick of timber, and going to the 
other end, presses his ear against it, he will hear its tick- 
ing almost as distinctly as if his ear were directly against 
the watch. If his watch is placed on a table, and he 
touches it with one end of a long slender pole, bringing 
the other end to his ear, the ticking will be distinctly 
heard. If any part of a continuous brick wall be struck 
with a hammer, the sound will usually be heard by a per- 
son placing his ear against it in any other part of the 
building, however distant. The experiment is best per- 
formed on walls dividing the interior of buildings in which 
there are but few openmgs for doors or windows. 

295. Sounds pass with difficulty from one. medium to 
another, as from air to a solid and from the solid to the 
air again. Hence, a voice in a room, if not very loud, 
is heard but indistinctly in another apartment separated 
from it by a continuous wall ; since, being made in the 
air, it has to be transmitted to the solid constituting the 
partition, and then again to the air. If a light blow is 
struck on the dividing wall in one room, it is distinctly 
heard by a person standing against the wall in the other, 
because it is conducted directly through by the solid 
material of the wall. 

296. Reflection of Sound — Echo. — Sound is readily re- 
flected from smooth surfaces, making the angles of inci- 
dence and reflection equal, like the elastic ball when 
stt iking obliquely against a smooth surface. This con- 

wbieh 87iind pusM in casMron ? What experiments are given to prove that solids 
eonvev tounos 1 295. What is said of the passage of soand from one medium to au* 
other 1 296. Haj sounds be reflected 1 What is an echo % What otgeets will yield ao 
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stitutes what is called an echo. A wall, the side of a 
house, the surface of a rock, the ceiling and walls of an 
apartment, give rise to echoes which are more or less 
audible. When there are several surfaces at different 
distances from the place where the sound is produced, 
the echo will often be repeated from each surface in suc- 
cession. At a place in Oxfordshire, England, a single 
syllable is thus repeated no less than 17 times. In such 
a place, a single ha, distinctly pronounced, is returned in 
SL ha ha ha — a hearty laugh 1 

In a cathedral in Sicny, the slightest whisper behind 
the high altar may be heard at the opposite extremity of 
the building, a distance of 250 feet. 

When the echoing surface is concave toward the per- 
son listening, the sound reflected from it will converge 
to a point, and will often be greatly dncreased in inten- 
sity. This is often observed in churches and public halls 
with vaulted roofs, in which therei is usually a certain 
place, depending upon the position of the speaker, where 
he can be heard more distinctly than in any other part. 

In case either of. the walls or roof of a church or hall 
designed for public speaking is made concave, as has 
sometimes been recommended, there must always be 
some favored part where the speaker will be heard better 
than in other parts ; hence, when it is designed that all 
the audience shall fare alike in this respect, the best form 
that can be given to them is to have them perfectly . 
plain. 

297. The rolling sound of thunder, and its sudden 
bursts and variations of intensity, are occasioned chiefly, 
it is supposed, by numerous echoes from separate masses 
of clouds floating in the air at different distances, which 
will of course arrive at the ear successively. It may be 
also that the electric spark darting through the air pro- 
duces the sound, not in a single point, but all along its 

echo? When there are sereral echoing surfaces at different distances, what is ttaa 
effect 1 At what distance is it said a whisper will be echoed, so as to be audible, in a 
certain cathedral in Sicily 1 What is the effect when the echoing surface is concave 1 
What will be the effect or making the roof or walls concave of a large room designed 
for.public speaking? What is the best form for the walls and roof of a room designed 
tor this purpose 1 297. How is it supposed the rolling sound of ihunder is produced 
Kaj the sound also be produced along a line for some distance, se as to be at differeUk 
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ei^ag course, at different distances from the ear. The 
original report, therefore, though perfectly instantaneous, 
yet being produced at different distances from the ear, 
will arrive from different points in successive parts, and 
will thus become prolonged, (581.) 

The production of echoes often depends upon the state 
of the atmosphere as it regards barometric pressure, tem- 
perature, moisture, the direction and force of the wind, 
&c. Thus, we can occasionally hear a very distinct 
echo from a distant building, or other object, from which 
an audible return-sound can not usually be obtained. 

298. When a distinct echo can be obtained from a dis- 
tant object, it may be made use of to determine its dis« 
tance. Thus, suppose that from a building on the oppo* 
site bank of a river, an echo is returned to an observer 
in 4 seconds, it is required to determine the width of the 
river. As the sound must go and return, it is evident 
that the distance jnust be equal to that over which sound 
would pass in half the time, or 2 seconds. Its width is, 
therefore, 1125x2=2250 feet, or 750 yards. 

299. Sounds in the open air are partially intercepted 
by opposing obstacles, forming what has been called an 
cLcoustic shadow. Thus, a band of music, in passing 
through the streets, is heard much less distinctly after 
going behind a block of buildings, than before any object 
intervened. In water, sounds are almost entirely cut off 
b •, ".".tervening objects. 

--1-300. The Trumpet. 

We have seen 

above (291,) that 

tubes may be made 

to convey sound dis» 

The Trumpet, tiuctly a Considerable 

^ distance, which no 

doabt is to be attributed to the reflection of the sonorous 

v\ aves from side to side in their passage. It is on this 

dliCances from the earl Will the production of an echo from an object ofteu depend 
DDon the state of the atmosphere 1 298. How may we by means of the echo from a 
dUtant otrjeet datermine its distaneet 299. Is the passage of sound in the open air in* 
Inrupted by interreninf otgectsl How is this snown ny a band of music marehins 
f ^roa^ the streets 1 SCKT To what is the conveyance of sou nd in tabes to be attributed 7 
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principle, too, that the speaking-trumpet acts, by which a 
person is enabled to hold a conversation with another 
at a much greater distance than he otherwise could. It 
is made in the form of a hollow cone, having a portion 
removed at the apex to which the mouth is applied, the 
instrument being directed toward the person addressed. 
The Ear-trumpet is designed to assist the hearing of 
persons who are partially deaf, by collecting the vibra- 
tions and conducting them to the ear. It is made of the 
same form as the speaking-trumpet, and is used by apply- 
ing the small extremity to the ear. 

301. Tfie Steam Whistle. — The steam- whistle is an in- 
strument much used on steamboats and locomotives to 
giviB warning of their approach. Formerly bells were 
used for this purpose, but the steam- whistle is found to 
be much superior, as the sound it produces is much more 
penetrating and can be heard much further than that 
even of a large bell. The sound it produces is of a very 
high pitch, and is very loud. 

The figure in the margin, which 
represents a section of the whistle, will 
illustrate its construction which it will be 
seen is exceedingly simple. The steam 
is conducted from the boiler by the pipe 
P and. is received in a small chamber, 
C, from which it escapes by a very nar- 
row circular orifice, oo, into the open 
air. A B is a hollow cylinder, usually 
made of brass, closed at the top and 
held firmly in its place by means of a 
nut and screw, and presenting its lower 
edge, m m, exactly over the circul; * 
orifice, oo. As the steam escapes^! 
comes in contact with the edge oV 
metal, m m, and a system of rapid vibra- 
tions is established, producing the shrill 
sound so readily recognized by every 
person who has once heard it. 




Steam WhUOe. 
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It will be understood, as a matter of course, that be- 
tween the whistle and the steam boiler a valve is placed 
that can be opened and shut at pleasure by the person 
having it in charge. 

THE ART or MUSIC. 

302. Music is the art of producing and combining 
sounds in a manner agreeable ^o the ear. A musical 
sound is produced when the impulses or vibrations occur 
at exactly equal intervals^ and are of similar intensity 
and quality. Such a sound always produces a pleasing 
effect upon the mind ; but if too long continued, it be- 
comes tedious and requires to be changed. 

303. Though intensity and quality are by no means to 
be neglected in music, yet the most important circum- 
stance to be attended to is pitch. This we have seen 
(292) depends entirely upon the frequency of the vibra- 
tions, or the number which occur in a given time ; and 
two sounds in which these elementary impulses occur 
with the same frequency are said to be in unison or to 
have the same pitch, whatever may be their intensity or 
quality. 

804. A stretched cord or wire 

^ rL--^ — furnishes an excellent instrument 

^ I ^f?grr^g^^j» for the investigation of many 

"^'^^'^^^^^^^' points connected with this sub- 

stretehed Cord^ ject. When such a cord or wire is 

drawn a little out of its position 
of rest, and suddenly let go, it will continue for a time to 
vibrate backward and forward over its position of rest, 
producing a sound gradually diminishing in intensity, but 
continuing of the same pitch until it ceases. The vibra- 
tions of a cord are much better excited by a bow, which, 
as is well known, consists of a bundle of horse-hair, loosely 

' r*-ijri — 

QiTBSTioR 302. What is music ? How is a masical sound produced 1 Are the inttn 
sUy aad quality of musical sounds important 1 903. What is the most important cir- 
eumstanee requiring attention 1 tTpon what does the pitch depend 1 When are two 
•ounds said to be in unison ) 304. How is a stretchea cord made to vibrate so as to 
pro lues a sound 7 For what purpose is the bow used with a stringed Instrument, aa 
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Stretched for the purpose, and rubbed with resin to make 
them adhesive. The pitch of such a cord or wire is 
found to depend upon three circumstances, viz. : its 
length, size or weight, and the force with which it is 
stretched. By an increase of the length or of the weight, 
the pitch is made to fall, or become more grave; but by 
increasing the tension, it becomes more acute or sharp. 

Hence, the same cord may be made to give sounds of 
different pitch by simply changing its length. This is done 
in stringed instruments like the violin or violoncello, by 
pressing the string upon a support placed just below it, 
while tne bow is drawn oyer it. In the piano-forte, each 
wire gives but a single sound to which it is adjusted, de- 
pending upon the three circumstances above named. 

305. Sometimes a string does not vibrate as a whole, 
but divides itself spontaneously into parts, each of which 
vibrates separately, producing its own note, which is the 
same as if the string was only of that length. The points 
of division between the two parts vibrating in such a 
case, are called nodes, or nodal points. 

The accompanying figure represents a cord, AB, 
vibrating in two parts, A N and B N, the latter of which 
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Vibrating Cord. 

is twice the length of the former, N is the nodal point 
separating the ventral segments, A N and B N. 

306. In wind instruments, as the organ, flute, &c., the 
vibrations are produced in the column of air within the 
instrument, and depend upon its length, and in some re- 
spects also upon the size. In the organ, the different 
sounds are produced by different pipes, each of which is 
so adjusted as to produce a single sound of the proper 

he violin 1 Upon what will the pitch of such a cord depend 1 By what chaof e nmj 
the aame cord be made to give sounds of different pitch 7 How is this accompUdied la 
the violin and violoncello 1 306. May a string sometimes vibrate in parts 1 What ftr« 
the nodcM or nodal pointaJ 906. In wind int:truments, what is to be considered tha 
v!tE*ating body 7 Upon wha; will the pitch rif'p'U'.dl How are th« different cr-jnds 
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pitch ; but in the flute, clarinet, &c., different lengths are 
given to the vibrating column by the fingers and keys 
opening and stopping the apertures, as may be required. 
The note produced by one of these instruments will also 
depend to some extent upon the manner of blowing it. 

Wind instruments are of two kinds, those with reeds, 
and those without them. Of the former kind are the 
clarinet and bassoon ; of the latter, the flute, serpent, 
bugle, &;c. In the accordion, the sound is produced en- 
tirely by reeds, which are slender strips of metal made to 
vibrate in a small aperture, through which the air passes. 

307. Melody and Harmony, — ^Music may be considered 
as composed of two parts, melody and harmony. Melody 
depends upon the order or succession of the sounds, and 
the time during which they are severally continued. A 
musical sound, however pleasing at first, soon becomes 
disagreeable if continued, and must therefore be suc- 
ceeded by another, and this by a third, and so on. Now 
the peculiar order in which the several sounds succeed 
each other in a piece of music, constitutes its melody. 
Harmony, on the other hand, depends upon the union or 
blending of two or more difierent sounds, which must 
sustain certain relations of pitch to each other. When 
two sounds heard together produce an agreeable efiect 
upon the ear, they are said io chord, or to form a chord; 
when they do not harmonize so as to produce this agree- 
able effect, they are said to be discordant, or to produce 
a discord. But more of this hereafter. 

308. Musical Notation, — If we begin with any particu- 
lar soun4» and then ascend by seven regular steps, we 
produce the diatonic or natural scale ; which is a series 
of notes, that, with little variation, has been adopted by 
all nations, in all ages of the world, as the foundation of 
their music. This scale is sometimes called the gamut 
The last or eighth note is called the octave of the first o* 

produced Id the organ 1 How in the flute, clarinet, dec. 1 Will the manner of blowing 
the flute also affect the note it will give 1 307. What two parts may music be con. 
iiidered ai compoeed of 1 Upon what does melody depend 1 Will a musical sound 
Ihat is at first pleasing become disagreeable if long contmued 1 Upon what does har> 
mony depend 1 When are two sounds said to chord 7 When are two sounds said to 
produce a diaeord 7 308. What is meant by the diatonic or natural acaie 7 Wiiat is 
Ibt eighth note eonaidered 1 
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^ndamentcd note, and seems to the ear to be merely a 
repetition of it. If we ascend .above this, or descend be- 
low it seven more notes, we only repeat the same series, 
the latter notes being the severaJ octaves of the former. 

309. Music is written on several horizontal lines and 
the intermediate spaces, as represented in the figure ; and 




The JSeaU, 

the several notes of the natural scale are represented 07 
the first seven letters of the alphabet, which are placed 
as in the figure. These notes are also represented by 
the seven syllables do, re, mi, fa, sol, la, si, the first sylla- 
ble here used being always applied to the fundamental 
note, called the tonic, which in the natural key is always 
on the line or space denoted by the letter C. 

310. These several notes are supposed to difier from 
each other only in pitch, which, as we have seen, depends 
entirely upon the number of vibrations in a given time. 
In producing these sounds, however, nothing depends 
upon the absolute number of vibrations, but only their 
ratio to each other. Whatever may be the number of 
vibrations in the fundamental note, in the second, of next 
above it, there must be 9 in the same time in which there 
are 8 in the first. In the third there must be 5, while 
there are 4 in the first ; in the fourth, 4, while there are 
3 in the first, &c., as will be seen by the following table. 

In the following table the numerator of each fraction 
in the second horizontal line indicates the number of 
vibrations made in sounding the letter under which it is 
placed, in the same time that in sounding the fundamen- 

Qttsbtion 309. How is music written 1 For whit are the first eeven letters of th* 
alphabet usedl What syUables are used for the same purpose 1 310. In produeinf 
the sounds of the diatonic scale, is the absolute number of Vibrations in a fhrsn Cima 
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tal note, C, the number of vibrations is made which is 
expressed by the denominator. Thus, in sounding D, 9 
vibrations are made in the same time that 8 are made in 
sounding C ; in sounding A, 5 vibrations are made in the 
same time that 3 are made in sounding C, &c. 

In the lower line are the syllables generally used in 
singing these several sounds. 



Letters, .... 


C 


D 



J 
re 


E 

5 

1 

mi 


F 


G 

3 

a 

sol 

1 


A 

f 
la 


B 

V 

si 


C 
~2" 

do. 


Ratio of vibrations 


1 
Do 


Syllables, .... 



311. The space between two notes is called an inter- 
vcd; that from any note to the next, as from the first to 
the second, or from the second to the third, is called the 
interval of the second ; that from the first to the third is 
called the interval of the third, and so on. The five in- 
tervals from C to D, from D to E, from F to G, from G 
to A, and from A to B, are very nearly equal, and are 
called tones ; while the two from E to F, and from B to 
C, are much less than the former, and are called 
semi-tones. The whole octave, therefore, contains five 
tones and two semi-tones. 

If we reduce the series of numbers in the second hori- 
zontal line above to a common denominator we shall 
perhaps perceive more clearly their relation to each other. 
We will arrange them in horizontal lines as before. 



c 

1 

24 


D 


E 


F 

i 
92 


G 

1 

36 


A 

f 

40 


B 

V 

45 


C 
2 

48 


* 

27 


1 

30 



to be noticed, or only tlieir ratio to each other 1 Whatever may be the nnmber of 
▼ibratioiui In a given time in the fundamental note, how many mast be made in the 
■ame time to produce the second, or next above it 1 To produce the third, how many 
muBt there be, while there are 4 in the first 1 What Is shown by the upper and lower 
flgarea In the second horizontal line In the table 1 311. What is an interval? What 
Is the Interval of the aecondl What the third, fourth, itc. 1 What are tonn ? Whal 
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We neglect the common denominator of the frac- 
tions, and these numbers, which are their several nume- 
rators, then express the exact ratio of the vibrations 
requu*ed in producing the several sounds indicated by the 
letters. 

In order now to compare these intervals with each 
other, we will place them as below. 



24 : 27/ or 


reducing 


8 : 9 


27 : 80 


(( 


9 : 10 


30 : 32 


(( 


15 : 16 


32 : 36 


a 


8 : 9 


36 : 40 


n 


9 : 10 


40 : 45 


II 


8 : 9 


45 : 48 


« 


15 : 16 



From this it will be seen that there are really two 
kinds of intervals called tones ; in three of the five tones 
of the scale the vibrations are as 8 to 9, while in two 
they are as 9 to 10. In the intervals called the semi- 
tones the vibrations are as 15 to 16. 
-f 312. When all these notes are sounded in succession, 
in either the ascending or descending order, the effect 
is always pleasing ; but the great variety of melody in 
music IS produced by causing these and other intervals 
to succeed each other in every possible order and mode 
of transposition. 

313. Explanation of Chords and Discords. — As has 
before been stated (307,) when two notes of the scale 
are sounded together, a pleasing effect is produced >U>on 
the ear, and it is called a chord; or a displeasing efi^ct, 
and it is then called a discord. But of the chords, some 
are more and some less pleasing ; and so of the discords, 
some are much more offensive than others. When two 
notes immediately together, as C and D, or D and E, are 
sounded at the same time, a discord is always produced, 
which is called the discord of the second ; so also C and 

are Mmi-tonet t How many tones and semi-tones constitute the octave % Are the in- 
tervals, called tones, all of the same magnitude f 312. What is the effect when the 
notes of this scale are sounded* in succession 1 How is the great ▼ariety produced In 
music 1 313. What is the difference in the effect upon the ear between a chord and a 
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*%, sounded together, produce a discord, cafled the dis* 
cord of the seventh. 

On the other hand, C and E, sounded together, pro- 
duce a very agreeable chord, as do also C and 6. Nu- 
merous other chords and discords may be found by 
searching for other combinations, but we can not here 
introduce them. 

The first and best chord is called a ttnison. It is pro* 
duced by two sounds having the same pitch ; that is, two 
sounds whose vibrations are performed in the same time. 
The next chord or concord is the octave, in which the 
vibrations are as 1 to 2. As third in point of agreeable- 
ness, we may mention the twelfth from the fundamental 
note, in which the vibrations are as 1 to 3; and next, 
the fifth, in which the vibrations are as 2 to 3. 

314. But what occasions the difference between the 
chords and discords ? Why are the former agreeable 
and the latter disagreeable ? 

The difference, without question, is to be attributed to 
the comparative rapidity of the vibrations in the two 
notes which are sounded together. When the vibrations 
are to each other in the simple ratios of 1 to 2, 1 to 3, 1 
to 4, 2 to 3, &c., it is invariably found that chords are 
produced, which are more agreeable to the ear as the 
terms of the proportion are lower. 

On the other hand, discordant notes are those in which 
the vibrations bear no simple ratio to each other. Thus, 
in the discord of the second, the vibrations are as 8 to 9, 
and in the discord of the seventh, as 8 to 15. 

This subject may be illustrated by using waved lines 
to represent the different sounds, as in the accompany- 
ing ^ures. When the interval between two sounds is 
just an octave, the number of vibrations in the lower are 
to those in the higher sound, as 1 to 2 ; so that 
ever}' second wave or vibration of the latter souBd will 
coincide with each wave of the former. 



diacordl Are all the chords equally pleasing 1 Are all the discords eqnalhr dlaa- 
(reeable 1 What is meant by the discord of the second or of the seventh 1 314. To 
what is the difference between chorda and discords to be attributed 1 When are 
chords DToduced 1 When are the notes discordant 1 How may this subject be illus* 
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This is the most simple ratio 
we can have, and, as we have 
seen, produces the most agree- 
able chord. The sounds are 
illustrated by the waved lines in 
the figure. The perpendicular lines show the waves 
which coincide. 

When the interval between 
two sounds is what is called a 
fifth, a very pleasing chord is 
produced ; and the number of 
vibrations in each in a given 
time are as 2 to 3. The per- 
pendicular lines indicate, as before, the coinciding waves ; 
every third one of the sharper sound, it will be seen, coin- 
cides with every other one in the lower. 

The last of the accom- 
panying figures is designed 
to indicate what is sup- 
posed to take place in the 
discord called the discord 
of the second, in which 
the vibrations are as 8 to 0. The coinciding waves. 
It will be observed, are much further from each other 
than in the case of the chords represented above, 
every 9th of the higher coinciding with the 8th of the 
lower sound. Indeed, it is found in the case of chords, 
that, as the coinciding waves are removed further and 
further from each other, they become less and less pleas* 
ing, and at length, when removed to a certain distance, 
decidedly discordant. 

315. In our description of the diatonic scale (308,) C 
is taken as the fundamental note, and the position of the 
several tones and semi-tones with reference to it de- 
scribe. This is called the natural key. Any other 
letter may, however, be taken for the fundamental note. 
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trated 1 When two Mandfl differ finom each other by an octave, what yihnlioiMi of 
each will coincide 1 When they differ by a fifth, what Tibratious coincide 1 What to 
iliuatrated by the laat figure in paragraph 314 1 What Tibrationa coincide in this caao 1 
316. On what letter is the fundamental note or tonic in the natural key 1 How are 
•ther keya formed 1 
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but the several tones and semi-tones must always have 
their proper position in relation to it. To accomplish 
this, other keys are formed by means of flats and sharps, 
for a description of which the student is referred to 
works that treat at large on this subject. 

316. Vibrations of Sonorous Bodies. — There are many 
important points connected with the vibrations of bodies/ 
which have not yet been noticed. Planes, as well as 
cords and bells, may be made to vibrate so as to produce 
distinct musical notes. A plate of glass or of metal 
answers well for this purpose, and is to be used by hold- 
ing it firmly in a vise prepared for the purpose, and draw- 
ing the bow against the edge. It is found that the note 
produced will depend upon the manner in which it is 
held in the vise, and the part against which the bow is 
drawn, the mode of using the bow, &c. 

When a plate of glass or metal is thus made to vibrate, 
the vibrations are always performed in segments which 
are separated by nodal lines. If the plate be in a hori- 
zontal position, and fine sand scattered upon it, the sand 
will leave the parts in which the motion is greatest, and 
collect on the nodal lines. 

If the plate is of a rectangular form 
and held by the centre, when the bow 
is drawn near one of the corners, the 
sand will arrange itself as in the first 
of the accompanying figures. If the 
bow is then applied to the middle of one 
of the sides, the figures first formed will 
be at once broken up, and the sand will 
be thrown into the position represented 
in the second figure. In some instances 
differences in the arrangement of the 
sand will be produced by different modes 
of using the bow, as just intimated ; and for eveiy arrange- 
ment of the sand a distinct tone is always produced. If, 
for instance, a circular plate is used, held by the centre, 

Qini8TX0N316. May planet be made to vibrate ao as to produce musical aounUa) 
How may a plate of glasa be uaed ibr thia purpoae 1 Will the plate alwaya vibrate in 
aefmenta I How ma) the nodal Une$ be shown 1 Will these tines always occupy the 
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and the bow rubbed against it very lightly, the circum- 
ference will be divided into four parts, and a low note 
will be produced, the sand arranging itself as in figure A 

in the margin. If 
jB the bow is then 
pressed a little 
harder against the 
edge, the sound 
win become sharp- 
er, the figures first 
fornled by the sand 
will be broken up, 
and a new arrangement take place as in B, in which the 
circumference is divided into six parts or segments. By 
proper means the same plate may be made to give still 
higher sounds, the sand each time forming a distinct 
arrangement, and showing that the circumference is 
divided by the vibrations into a still greater number of 
parts, as 8 or 12. 

317. The parts of a glass vessel, as a tumbler, may be 
easily made to vibrate and give a musical sound by 
drawing a violin-bow across the edge, or by wetting the 
finger and rubbing it on the edge. If the vessel be partly 
filled with water, the vibrations of the glass will give a 
peculiar tremulous motion to the surface^ If the vessel 
be large, it may be made to vibrate so rapidly as to 
throw it to pieces. 

318. Vibrations in one body may.be communicated 
from it to another through intermediate solid bodies, or 
even through the air. The heads of a small drum will 
always be seen to vibrate when a larger one* near it is 
struck, even though they do not touch each other. The 
vibrations are communicated through the air. So when 
the note D is sounded on the largest string of the violon- 
cello, the D string above, if in tune, will be observed to 
vibrate rapidly, the vibrations being transmitted either 

nme position 7 What is illustrated by tbe two first figures in this paragraph 1 317. 
How may a tumbler or other glass Tessel be made to vibrate so as to produce a mun> 
cal souna 1 Will there be anr danger of breaking the Teasel in performing the ezperi* 
menti 318. May the ▼ibratfons of one body be communicated to another 1 What 
*urposs does the body of a violin or violoncello Mrve 1 Why are the sounds of a 
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through the air, or through the solid parts of the instru 
ment. 

The jarring of the earth by heavy thunder is no doubt 
to be explained on the same principle; the immense 
vibrations are communicated even to the solid earth. 

The body of the violin, violoncello, guitar, &c., is de- 
signed, by vibrating in unison with the sounds of the 
. strings, to increase their intensity. Without this assist- 
ance the sounds would be scarcely audible at the distance 
even of a few feet. A music box placed on the table, 
while playing, sounds much louder than when held in the 
hand, for the same reason. 

Formerly " sounding-boards'' were placed over the 
pulpits in churches, with the design of assisting the 
voice of the speaker, but the practice is now discontinued 
as useless. 

THBHUMAN BAR AND TOIOS. 

319. llie Ear. — The parts of the ear are very different 
in different species of animals ; but in all, and especially 
in man, they are exceedingly complex and difficult to bie 
fully understood. 

The external ear in some animals, as the ox and the 
horse, is evidently designed to collect the vibrations, like 
the ear-trumpet (290) used by the deaf, and convey 
them to the organs of hearing within, thus increasing the 
intensity of the sound. These animals, therefore, have 
the power of turning their ears in different directions 
from which the sound may proceed. The horse, if sud- 
denly startled, will always be observed to turn his ears 
intently toward the supposed point of danger. 

But ^e human ear is not fitted so well to reflect the 
vibrations of the air directly into the passage leading to 
the internal ear, as it is to receive and transmit them 
there through the solid parts of the head. But it is sup- 

motic box more difltinctly heard when It fa placed on a table than when held In the 
handl 319. Are the parte of the ear different in different antinalaf What ia the deaign 
of the external ear in many animala 1 la the hnrian ear lilted for thia parpoae 1 

18* 
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posed to be of little use as connected with the sensation 
of hearing, which is found to be scarcely affected by its 
loss. 

320. The several parta of the internal ear in man are 
the conical-shaped passage leading from the external ear, 
about nine-tenths of an inch in length, the tympanum or 
ear-drum, with four very small bones connected with it, 
the Eustachian tube, and the labyrinth. 

The tympanum is a thin membrane drawn like the 
head of a drum quite across the passage leading from the 
external ear, and is designed to receive the vibrations 
from the air with which the passage is filled. The four 
small bones connected with the tympanum are so ar- 
ranged as to transmit its vibrations, somewhat increased 
in intensity, to the labyrinth, which is composed of a 
number of bags or sacks, and semicircular canals, all of 
which are filled with fluid. In this fluid are the termi- 
nations of the auditory nerves, which lead directly to the 
bram. 

The Eustachian tube is a passage leading from the 
upper part of the mouth to a small cavity behind the 
tympanum, called the cavity of the tympanum. This 
passage prevents any unequal pressure of the air upon 
the tympanum, from variations of the atmospheric pres- 
sure, or from any other cause. Sometimes the parts 
about this passage become inflamed so as to close it, 
which produces a sensation like that of a constant roar- 
ing sound. This sensation almost every one has expe- 
rienced on taking a severe cold. 

The stunning effect often produced by the firing of a 
cannon near a person, is occasioned by the sudden and 
violent concussion of the air against the tympanum, and 
through that upon the air within the cavity of the tympa- 
num. It^is said it may always be avoided by having the 
mouth open at the time of the explosion ; the. air is then 
allowed to pass freely through the Eustachian tube. 

QuBtTtON 320. What are the several parts of the internal ear in manl What is the 
Cjrmpanam 1 What Is its design 1 What purpose do the four small bones connected 
with it serve % What is the Bustachlan tube 1 . Of what use is it 1 How may the stun- 
ning often experienced when standing near a cannon that is fired be avoided ? How 
may the breaung of windows by ths firing of cannon in the vicinity be to some extent 
avoidci 1 
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The firing of cannon near windows will often break 
the glass by the violent vibrations of the air against it ; 
but such an effect may be prevented usually by opening 
one or more qf the windows in each apartment, so as to 
form a free communication between tne air within and 
4hat without. 

321. The Voice. — The organs of the voice consist of 
the parts called the thorax^ the trachea or windpipe, the 
larynx^ the mouth, nose, and other adjacent parts. 

The air during respiration, as we have seen (240,) is 
constantly passing inward and outward through the 
trachea, oy the alternate expansion and contraction of 
the cavity of the chest, voice is always produced as 
the air passes outward, chiefly by its action on the larynx, 
which may be considered as the musical organ oi the 
voice. It is a short tube with several important appen- 
dages, situated at the head of the windpipe, and is the 
organ of the voice upon which its pitch almost entirely 
depends. But in producing the innumerable, nameless 
modifications of sound, of which the voice is^ capable, and 
which are required in ordinanr speech, other organs are 
concerned, as the tongue, palate, lips, teetli, nose, &c., 
though the distinct office of each can not be fully deter* 
mined. 

322. Ventriloquism consists in imitating very accu- 
rately those peculiarities of sounds, by which we judge 
of their distance and position, with reference to our- 
selves. Thus, when a person hears a sound, he is usually 
able to determine at once whether it was produced in the 
same apartment with himself, or in an adjoining apart- 
ment, by certain peculiarities it possesses, which he has 
learned from experience. Now, Mr. A. is in the same 
room with Mr. B., but is able to give his voice the same 
peculiarities it would have if coming from a room adjom- 

QuBSTiON 321. What are the organa of the voice 1 How are the souDds of the Toice 
produced 1 What organ does the pitch of the Toice chiefly depend upon ? What other 
organa are brought into use in producing the great Tariety of sounda of which the voice 
ia capable 1 322. In what does ventriloquiam consist 1 When we hear a sound, how 
do we know whether it originatea in our own apartment or an adjoining one ? If two 
men, A and B, are in the same room, how may A produce a sound that to R will ap> 
pear to come from an adjoining room ? How may he cause his voice to appear as 
ifcomtogfirom any other place? Whv do ventriloquists usually direct the attention 
of the anditnee to the point from which the voice ts expected to come 1 
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ing ; Mr. B., not knowing the deception, will imagine he 
hears a person in that room. In the same manner, sounds 
may be made to appear to come from any other place, as 
from the open air, from the earth, from the body of a 
person, &c., by imitating the peculiarities which our ex- 
perience tells us might be expected in sounds coming 
from those places. ^Jsually the ventriloquist will direct 
the attention of his audience to the point from which the 
sound is expected, which very much assists in the illu- 
sion. 



CHAPTER V. 
OPTICS. '^~' 

I. PHENOMENA OF LIGHT. 

323. Option is that branch of science which treats of 
the various phenomena of light and vision. 

It is by means of light that we see objects ; but it has 
not yet been found possible to determine certainly what 
this agent really is. Two important theories concerning 
it have been proposed, each of which at different times has 
been very generally adopted. 

324. Theory of Newton.-^The first of these theories is 
that of the illustrious Newton. It supposes that all the 
phenomena of light and vision are produced by exceed- 
ingly small particles which are thrown off by luminous 
bodies, and which move through space and all transpa- 
rent bodies with immense velocity. The particles are 
supposed to be constanthr emanating from all self-lumin- 
ous bodies, and flying ofi*^ in every direction, and capable 
when coming in contact with other matter, of being re- 

^ fleeted, refracted, absorbed, or transmitted. 

This theory is also often called the theory of emission, 

QnBBTioN 323. What is treated of in optics 1 Can we determine with eertaintj 
whether light is really material 1 What important theories have heen proposed coa> 
cernin; ilt 1 3dl What ts Newton's theory ? 
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as it supposes thai the various phenomena of liffht are 
produced by particles emitted from the luminous body. 

325. TTieoiy of Huygens. — The other theory, proposed 
by Huygens, is usually called the undulatory theory, it 
supposes that there is every where diffused in space, even 
in the most solid transparent bodies, filling up the inter- 
stices between their particles, an exceedingly subtile and 
elastic fluid, in whicn undulations or oscillations are ex- 
cited by luminous bodies, and transmitted with immense 
velocity, producing the phenomena of light, muclkin the 

- same manner as vibrations in the air (287) produce the 
phenomena of sound. The movements thus excited m 
this subtile medium or ether, are readily propagated 
through a vacuum (which is indeed supposed to be filled 
with the ethereal medium,) and through the most solid 
transparent bodies ; but in this last case, the elasticity 
of the medium being somewhat diminished, the movement 
is less rapid than in free space. 

326. These undulations, or oscillations, however, are 
in some respects unlike the waves pilroduced upon the 
surface of smooth water, when a pebble is thrown into it> 
— an illustration sometimes given — ^being. rather oscilla- 
tions in the particles themselves, which are supposed to be 
propagated from particle to particle in much the same man- 
ner as was explained in the use of the ivory balls (50.) 

327. Assuming that the particles 
are spherical, we may suppose that 
each one of them becomes alternately 
extended and depressed, horizontally 
and vertically, as represented in the 
figure ; or, more properly, at its poles 
and equator. Thus, the motion is 
an oscillatory tremulous motion, and 
may be propagated to distant parti- 
cles without the intermediate ones being moved out of 
their places. 

Q0£aTioM 326. What ia the tbeorr of Hujgens called 1 How are the phenomena of 
lii^t tupposed to be produced on this theory 1 Does the supposed suotile medium, 
called ether, pervade even solid bodies ? 326. Are the waves or oscillations of this 
medium like waves upon the surftce of water 1 How maj we suppose tih* particles of 
ether alternately extended and depressed 1 327. May these oscillations n propagated 
thro ifh the ether without its particles being moved out of their places 1 
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828. The waves of light, like those of sound, are trans- 
mitted An every direction, extending on every side of the 
luminous body, the intensity diminishing as the square 
of the distance increases. The sonorous vibrations of a 
sounding body, as a bell, it will be recoUected, are con- 
veyed to the ear, through the atmosphere, by means of 
the particles of the latter assuming a similar wave-like 
movement ; and, iu the same manner, a luminous body, 
as the sun, or a lamp, it is supposed, by exciting an anal- 
ogous oscillatory movement in the universal ethereal 
fluid, which is propagated from particle to particle until 
it reaches the eye, communicates to this organ the sen- 
sation of vision,* just as the sonorous vibrations produce 
in the ear the sensation of sound. Darkness, therefore, 
is occasioned by the cessation of this oscillatory move- 
ment, or the repose of this supposed fluid, called ether, 
just as silence results from the cessation of the similar 
movements in the air. 

329. It is impossible in the present state of science to 
say which of these theories— or whether either of them 
— ^is true ; but the undulatory theory is now almost 
universally adopted by scientific men, as it accords best 
with well-settled facts. But, in discussing the principles 
of the science, we shall, for the sake of convenience con- 
tinue to speak of light as a material substance transmitted 
from place to place, and capable of being thrown out of its 
course, and otherwise variously acted on by other sub- 
stances — ^language which would seem to belong to the 
other theory, the theory of emission. 

330. Luminous and Non-luminous Bodies, — All visible 
bodies may be divided into the two classes of luminous 
and non-luminous. The former are those which shine by 
their own light, as the sun, the stars, flame, &c. ; the 
latter those which have not the power of discharging it 
themselves, but are capable of throwing back the light, 
or part of the light, they receive from self-luminous 
bodies, by which they are seen, or become visible. In 



QVBflTi<»|02& Are the waves propagated in ererr direction? What is darkneni 
329. la the^ndulatory theonr or light now generally adopted ) 330. Into what two 
elaaaea maj all Tiaible bodiea be divided 7 What are biminotu bodiea 1 How are noo- 
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every case the light must come from a self-luminous 
body, though it may have been several times reflected 
before meeting the eye. When a lighted candle is 
brought into a dark room, the form of tne flame is seen 
by the light which proceeds, directly from the flame it- 
self; but the objects in the room are seen by the light 
which they receive from the candle, and again thro^v 
back to the eye. Other objects still there may be in the 
room, which are so situated as not to receive any light 
directly from the candle, but become visible by the light 
reflected from the wall, ceiling, &c., of the room. 

Light is emitted from every visible point of a luminous 
or an illuminated body, and in every direction. 

331. Transparent bodies are such as transmit light 
freely, so that objects may be seen through them. Bodies 
that transmit the light, but not sufficiently to render ob- 
jects visible througn them, are said to be translucent 
Substances that do not permit light to pass through them 
in any degree are called opdke. But this term is some- 
times used to mean the same as non-luminous. 

332. Rays parallel, convergent and divergent. — A ray 
is merely a small portion oi light ; the smallest portion 
that can be intercepted or examined. A large ray, or a^ 
combination of rays, is sometimes called a pencil or beam 
of light. 

333. The rays of light may be parallel, or they may 
be convergent, or divergent. Parallel rays, as the term 
implies, are every where equally distant from each other ; 
but convergent rays approach each other as they advance, 
while divergent rays separate. 

334. The surface of a body may be considered as 
made up of a great multitude of very small points, and 
from every one of these in a luminous body the rays of 
light are thrown ofi*; consequently, the rays from alumi- 
nous body near us must always be divergent ; that is. 



• Inmlnoiifl bodies seen, as no light Is emitted by them ? Most the light always origlaata 
from a luminous body 1 Is lim emitted from eTery point of a luminous body 1 331 . 
What are traruparent bodies! When are bodies said to be tran^ueent? When are 
they said to be opake 1 832. What is a ray of light? What is a penca or ^ram 7 333. 
Wbsn are rays said tobeporoUel? Convergent? Divergent 1 334. Wsatmaythe 
anrfiics of a body be supposed to be made up of 1 Is light smitted from each point 1 
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they must always separate further and further as they 
advance. 

Thus, let A represent a 
lighted candle, and P and P' 
two pencils of rays emanating 
from points in it; it will be 
seen that as they advance 
they diverse or separate more 
Divergent Rtnfe. and more iTom cach other. In 

this case we have represented 
the rays thrown off from two points only — ^and indeed 
only a part of those from each of these points, suice many 
more rays both above and below those shown in the 
figure, proceed from the same points. To obtain a cor- 
rect idea of what really takes placer it is necessary to 
recollect that pencils of rays are proceeding in this man- 
ner from every point of the flame of the candle, crossing 
each other in every direction. 

As a necessary result of this divergence of the rays of 
light, it must at length become so expanded as to cease 
to affect the eye ; and the body from which it emanates 
will then b^^invisible. 

Rays of light from a luminous body can, strictly 
speaking, never be parallel ; but, when their source is 
exceedingly distant, as in the case of rays from the sun 
or any other celestial body, it is evident that they may 
be considered so. 

The direct rays of a luminous body can never con- 
verge ; in order to be convergent, they must first be re* 
fleeted or refracted, as will be seen hereafter. 

335. Passage of Light Pro^esstve, — -The passage of 
light is progressive, it requinng about 16| minutes to 
cross the earth's orbit, or about 8| minutes to come from 
the sun to the earth. This is best determined by means 
of the eclipses of Jupiter's satellites, which are constantly 
taking place. 



Will the rays from a body near ua alwaya be diTercent 1 How ia thia shown 1)i the 
figure in paragraph 334 ? Mar rays from a very distant body be considered parallel 1 
Can the direct raya from a Ipmmoua body ever conTerge 1 336. Ia the pasMge of Ucltt 
progressiva 1 How long is light in coming from the sun 1 By what meaiw ia this decer - 
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Motion ^ Light Progresnve. 



The earth and Jupi- 
ter, in their revolutions 
round the sun, are some- 
times both on the same 
side of that luminary, 
and at others they are 
on opposite sides. In 
the fisure let S be the 
sun, R the earth, and J 
Jupiter; both the earth 
and Jupiter being now 
on the same side of the 
sun. The light from Ju- 
piter, in coming to the 
earth, will now have to pass through the distance J E 
only. But, in a little more than six months after the 
earth and Jupiter are in the position above supposed, the 
earth will have advanced to E', and Jupiter to J'; they 
will dien be on opposite sides of the sun ; and the light 
from Jupiter, to reach the earth, will have to traverse 
the whole distance J' E^ which is greater than J E by 
the distance A E^ or the diameter of the earth's orbit. 

Now, when these two bodies are in the position last 
indicated, in reference to the sun, the eclipses of Jupiter's 
moons are uniformly found to take place about 16f 
minutes later than when they are in the first position ; 
that is, when they are on the same side of the sun. This 
shows that light is this period of time in passing from A 
to E'; or, about 8|^ minutes in passing from S to E', or 
from the sun to the earth. 

The velocity of light is, therefore, about 199,000 miles 
a second, which is evidently so great that we are abso- 
lutely incapable of measuring the time that is required 
for light to pass any distance over the earth's surface. 
Indeed, in one second it would pass no less than 8 times 
quite around the earth. 

336. In the same medium, light always moves in a 



mined 1 What it tbe velocity of light per second ? How many times would lij^t pass 
roond the earth in a second 1 336. Does light always move in a straight line in the 
-».u„.r.nn»««u„„ 19 
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■traight Ime ; it is, therefore, impossible to see through a 
bent tube. 

337. Vmhra and Pemanhra. — When light falls upon an 
opake object, it is intercepted, and darkness, more or leA' 
intense, is produced on the opposite side, called a shadow, 
or umbra. This is always surrounded by a border less 
dark than the shadow itself, which is called the penum- 
bra. It is occasioned by the interception of a part of the 
light from the luminous body. An eye situated in the 
penumbra will always be able to see a part, and only a 
part, of the luminous body. 

SS8. When the 
luminous body is 
larger than an 
opake one in its vi- 
cinity, the shadow 
or umbra of the 
latter will diminish 
as it extends in 
space until it ter- 
minates in a point; 
but the penumbra increases in size and at the same 
time diminishes in intensity until it becomes so dif- 
fused as to be entirely lost. In the figure, let S be the 
sun, and M any opake body of a spherical form, but 
smaller than the sun. The shadow, M N, is of a conical 
form terminating in a point at N; but the penumbra, or 
partial shadow, P F, becomes lai^er as it extends in space. 
It must, however, at length become so difiused as to 
be entirely lost. 

On the other hand, when the luminous body is smaller 
than the opake one, the shadsw of the latter must increase 
in size with the distance indefinitely. 
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EBFLBCTION OF LIGHT, OR OATOPTBlOf. 

"Y'^^d, When a ray of light, on coming in contact with 
an opake body, is thrown back, it is said to be reflected ; 
and in its reflections it is governed by the same laws' as 
perfectly elastic solid bodies (61.) 

The ray, before it comes in contact with the reflecting 
surface, is called the incident ray ; after it rebounds from 
the suiface, it is called the renected ray. Now, if we 
admit a single ray of light into a darkened chamber, and 
cause it to strike perpendicularly against a reflecting sur- 
face, it is thrown or reflected directly back ; but if the 
reflecting substance is held a little inclined to the ray, it 
is reflected obliquely, and a luminous spot is seen on the 
wall where the ray strikes. 

Let us suppose A B to be the 
reflecting body, E C the incident 
ray, and C D the reflected ray. 
If, now, at C, the point of con- 
tact, we erect a perpendicular, 
C P, then E C P will be the an- 
gle of incidence, and PCD the 
^ ^ angle of reflection ; and these 

Rtfieetion of Light, two anglcs wiU always be equal. 

It is not necessary that the re- 
flecting surface should be a plane ; it may be concave, 
as a 6, or convex, as A' B', and yet the ray will obey the 
same law. 

340. Mirrors. — A good reflecting surface is called a 
mirror or speculum. Mirrors are made usually of polished 
metal, or of glass, covered on the back with an amalgam 
of tin. 

341. A considerable portion of light is always lost on 
coming in contact with reflecting surfaces, no mirror be- 
ing capable of throwing back or reflecting all the light. 



QvsflTieif 339. When !• light laid to he reflected 1 What {■ meant hv the incident, 
and what br the r^ected rar 1 What are the angles of incidence and reflection in 
the figure in thia paragrapol Muat the reflecting aorface be a plana aorface? 840. 
What is a mirror 7 341. WiU aU the light be reflected 1 
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The more inclined the incident ray is to the reflecting 
surface, the greater will be the proportion reflected. 
When the reflector is transparent, as a slass plate, much 
more light is reflected from the second than from the first 
surface ; and this proportion is increased when the back 
is coated with some resinous cement or black paint ; or, 
better still, some metallic amalgam^ as in the common 
coking-glass. In this case the reflections become very 
vivid, and the images of objects bright. 

342. Mirrors are made of various forms, of which the 
chief are the plane, the concave, and the convex. The 
common looking-glass is an instance of a jdane mirror ; 
it consists simply of a plain, level, polished surface* The 
concave mirror is a portion of the inside surface of a 
hollow sphere, — ^usually but a small portion of the whole 
sphere. The convex mirror, in like manner, is a portion 
of the external surface of a sphere. A line perpendicu- 
lar to the centre of a concave or convex mirror is called 
its axis. 

343. The Plane Mirror. — ^Rays of light reflected from 
a plane mirror always retain the same direction with re- 
ference to each other after reflection as they possessed 
before. Thus, rays parallel before reflection will be re- 
flected parallel ; and rays convergent, or divergent, 
before reflection, will be reflected convergent or diver- 
gent, as the case may be. This may be more clearly 
understood by referring to the accompanving figure. 

Let A B be a plane 
mirror, and CD two 
parallel rays ; after re- 
flection they take the 
direction c d, and to the 
eye they will appear to 
come in the direction 
C D\ Diverging rays 
Rejieetion of Light. proceeding from a 

point, E, will be re- 
flected in the direction eee, and will appear to come from. 

diTESTxoM 942. What different forms of mirrors are mentioned 1 What is the form 
of the jB/one mirror 1 The eonve* mirror 1 The concave 7 What is the axis of a con- 
▼ex or concATe mirror 1 343. Do rays of light reflected from a plane mirror always r«> 
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the point E' behind the mirror. So will the converging 
rays, F F F, be likewise reflected converging ; and they 
will meet in the point G, just as if they originated in the 
direction F' F' F'. The effect of reflection in every case 
is to throw the apparent origin of the rays on the opposite 
side of the mirror, since objects always appear to the eye 
to be situated in the direction of the rays which finally 
reach that organ. 

344. The Concave Mirror. — ^Rays reflected from a con* 
cave mirror are in general made to converge ; or if they 
are very divergent, they are made to diverge less. Par- 
allel rays are made to converge to a point called the 
principal /oa£5 of the mirror, which is about midway be- 
tween the centre of the sphere of which the mirror is a 
part, and the surface of the mirror. 

Let A E B, be a con- 
cave mirror; C, the cen- 
tre of the sphere of which 
the mirror forms a part; 
arid d ef g h parallel rays. 
After reflection they will 
be collected in the focus, 
F, where the light and heat 
of all the rays will of course 
be concentrated. E F is called the /oca/ distance of the 
mirror. 

From what has been said it is evident that rays ema^ 
Dating from the focus F will be reflected parallel. 

The concave mirror may 
be considered as a multi- 
tude of plane mirrors in- 
clined toward each other. 
Let A B C D be four plane 
mirrors arranged on the 
circumference of a circle, 
and abed, several parallel 
rays ; these rays will strike the mirroi's at different an- 

tain the aune direction with reference to each other after reflection as before 1 How 
Is thli illustrated hj the figure ? 34i. How are rays reflected from the concaye mirror 
What is the/oeus of a concave mirror 1 Where is It situated 1 What is the foeai dis- 
%tH€§ of a -smcave mirror 1 What may the concave mirror be considered as made nr 
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gles, and obey the usual law (339;) but they will all b« 
reflected very nearly to the same point, F. 

Rays converging before reflection are, by reflection 
.from the concave mirror, made more convergent ; and 
their focus is nearer the mirror than F, the focus of par- 
allel rays. 

345. Rays diverging before 
reflection will be made after re- 
flection less divergent, parallel, 
or convergent, according to 
their previousdivergency. Sup- 
pose them to be radiated from 
a luminous body situated at P, 
conjugau ^bei. in the figurc ; then, after reflec- 

tion, the focus will be, not at F, 
as before, but at/, a point nearer the centre, C. If now, 
the radiant point, P, be made to approach the centre, C, 
the focus/ will aLso gradually approach to C ; and when 
the radiant, P, reaches that point, its rays, it is evident, 
will be reflected directly back. If P is carried still nearer 
the mirror A B than C, / will recede beyond C to the 
right, and the two foci will have changed places. The 
two points, P and/, are therefore sometimes called can- 
jugate foci, to represent their intimate relation to each 
other. If the luminous body be placed nearer the mir- 
ror than F, which is the focus of parallel rays, its rays 
will be reflected, not parallel, but divergent, as though 
they emanated from some point behind the mirror. 

346. The Convex Mirror, — The eflfect. of the convex 
mirror is directly the reverse of that of the concave mir- 
ror ; it separates the rays after reflection. 

Thus, let abode be several parallel rays incident 
upon a convex mirror, A B, of wmch C is the centre of 
convexity ; they will be reflected according to the general 
law, making for each ray the angle of incidence equal to 

the angle of reflection ; the ray a will therefore tike tjie 

_- —.^ « 

QiTBSTioN 345. How will diTerging rays be reflected by tbe concave mirror? Will 
the focus of diyerfing rays be the same as if they were parallel ? If tbe radiant point, 
P, is made to approach the mirror, how will the focus be affected 1 If the lumuioiu 
body is placed nearer the mirror than its principal focus, what will be the effect 1 MS 
What is the effect of th« convex mirror upon rays of liffht 7 From what point will the 
rays appear ro emanate ? \y^hal is this point called 1 
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direction of a\ b that of 
b', d that of d', and e that 
of e\ They will all ap- 
pear after reflection to 
come from the same point, 
P, behind the mirror, 
which is therefore called 
the virtual^ or apparent 
focus. 

347. When a pencil of 
rays falls upon a concave 
surface, after rejection it is evident that they must inter- 
sect each other, and the points of intersection will con- 
stitute a curved line, which is termed a caustic, or some- 
times a caustic by reflection. 

To exhibit this curve, fill a wine- 
glass nearly full with milk, and 
place it so that it may receive the 
direct light of the sun or of a lamp, 
as represented in the figure. The 
light will be reflected from the 
concave surface of the glass, and 
form the curve upon the surface of 
the milk. The same eflfect will be 
produced if a piece of card is fitted 
accurately into the glass a little 
* below the top. 

A848. Formation of Images by Reflection, — The surface 
of a body, as we have seen (334,) may be considered as 
made up of points ; and to see this surface is to see all 
these points, each of its proper color, and in its proper 
position, with reference to all the others. So, to form 
an image of the object, is to form an image of all its 
points in their natural position ; and an image of a point 
is formed when all, or only part of the rays emanating 
from it are again collected and reflected to the eye. 
349. There are, however, two kinds of images of 




Cauatiea. 



<luB8TX0N 347. What Is illnstrated in the figare of paragraph 347 ? 348. If the garfoce 
of a body may be considered as made up of many points, what Is it to see a body 1 8^. 
How many kinds of images of bodies are there 1 What is the first kind 7 How m itkt 
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objects, which in some respects are quite different from 
each other. The first kind, sometimes called a virtual 
imaffe, is merely a reflection to the eye of a portion of 
the light that proceeds from an object. The ima^e of an 
object seen in a common looking-glass is of this kind. 
Here no screen is needed, but the observer must be so 
situated as to see the surface of the reflector behind 
which the image seems to be situated. 

The second Kind of image is generally formed upon a 
screen of some kind, as a piece of paper, or cloth, or the 
surface of ground slass. in this -case the refiectins sur- 
face may be entirely concealed fUfm view ; it is only ne- 
cessary that the surface on whit^h the image is founed 
should be visible. 

350. From what has already been said of the plane 
mirror (343,) it necessarily foUoS^s that the image of an 
object seen in it will always app^ erect and of the nat- 
ural size, and situated just as far behind the mirror as the 
object is in front of it. Let it be constantly borne in 
mind that the light by which an object is seen emanates 
from each point of that object, and diverges a? it advan- 
ces until it reaches the eye. 

Thus, let A B C be three 
points of an object, as a cross, 
which is seen by the eye, E. 
From these three points (as well 
as from every other point of the 
object) rays are thrown off in 
Diverging Ray,. ©vcry direction, diverging as 

they proceed ; but a small pencil 
of those from each point is intercepted by the eye, and by 
this pencil that individual point is seen. Thus, from 
each point of an object, a cone of rays may be supposed 
to be formed, the base of which is at the pupil of the eye, 
and the apex at the point from which the rays emanate. 
Each point, therefore, of the object, is seen by its own 

the obsenrer be ntasted in reference to the mirror, in order to see the im«^ t What 
ia an image of the aecond kind uaaally formed upon 7 May an imafre of thia Kind be 
obierYed when the mirror itaelf ia entirely conceded from view 1 360. Where will tba 
image of an object aeen in a plane mirror alwaya appear to be aitaated 1 By what ia 
each point of an object aeen Y Mum each point be seen by \Xn own independent ecna 
ofrayal 
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independeDt cone of rays ; and, to see the whole assem- 
blage of points of the surface of the body next the eye 
of the observer, is, as before observed, to see the object. 

351. It will be easy now, it is believed, to understand 
the manner in which images are produced by the plane 
mirror. As this mirror reflects diverging rays equally 
divergent as before reflection (343,) the only effect of 
the mirror on the cones of rays from the several points 
of the object will be to turn them all precisely alike out 
of their course, and thus change the apparent place of 
their origin; or, in other words, change the apparent 
place pf the object. 

Let A B be a plane mirror ; M 
N, an object placed before it ; and 
E, the eye of the observer ; then, of 
all the rays emitted from the two 
points M and N, and subsequently 
reflected from the mirror, those only 
can reach the eye which are so sit- 
uated with respect to it and the 
points M N, that the angles of inci- 
dence and reflection wiu be equal. 
Suppose the cones of rays M D F 
and N 6 H, to be so situated ; they will be reflected to 
the eye precisely as diverging as before ; and if they are 
continued backward, they will seem to originate in the 
points m and n respectively. And as the rays diverge 
equally before and ai'ter reflection, the points m and n will 
appear just as far behind the mirror a^ M and N are in 
front of it. The image of an object, therefore, seen in 
the plane mirror, is always of the same size as the object, 
and is situated just as far behind the mirror as the object 
is in front of it. 

352. Virtual images (349) are formed by concave and 
convex mirrors in the same manner as by plane ones ; 
but those produced by the convex mirror are always 
smaller, while those produced by the concave are larger 
than the object. The reason of'^^it may be shown without 

QvssTioN 361. What will be the effect of the plane mirror upon the supposed cone of 
TETt from each point of an object 1 What is the design of the figure in paragraph 351 1 
362. May images of the first kind be formed by concave and convex mirrorsT Will the 
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difficulty. Let A B be a convex 
mirror, and D F an object in front 
of it. If, now, rays are supposed 
to emanate from the object, a por- 
tion of them from each point will 
be intercepted by the mirror, and 
reflected to the eye at E ; but, as 
they are made oy the mirror to 
diverge more than before reflec- 
tion, they will appear to emanate 
from a point behind the mirror 
nearer to it than the object is in 
front. The point D will appear at D', and the point F at 
F' ; the ima^e being smaller than the object. The points 
D' and F' will always be situated in lines drawn from D 
and F to C, the centre of convexity of the mirror. 

353. When an object 
is placed nearer a con- 
cave mirror than its 
principal focus, an im- 
age is formed by it in the 
same manner; and, as 
before stated, it will be 
larger than the object. 
Let A B be a concave 
mirror, and M N an ob- 
ject in front of it, nearer 
than its principal focus. 
The rays, after reflection, being less divergent Uuan 
before, the image of the object will appear furtIiljt£^oni 
the mirror than the object is, and larger. The rays from 
the points, M and N, wiU appear to originate at M' and 
N', in lines drawn from the centre, C, through M and N 
respectively. 

V 354. The mode in which real images, or images of the 
second kind, are formed, will be understood by the 
accompanying figure. Let E A, E 6, and E B, be three 

imife of an object seen in a convex mirror be amaller or larfer than the oMectt 
Where will it appear to be irituated 7 363. Where, in reference to the concave muron 
must an object be situated in order that an image of thia kind may be teen in it 1 Will 
it be lajier or smaller than the ol^t 1 354. In the ficnre in paragraph 364, if aa dgeel 
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rays emitted from the point, 
£, of an object, E D, in front 
of a concave mirror, A B, 
and further from it than C, its 
centre of concavity. The 
_ ray, E G, being incident upon 

/imye, Convex Mirror. the mirror at its centre, will 

be reflected just as much be- 
low the axis 6 H as E G is above it ; and to the same 
point will both the other rays from E, E A and E B, be 
reflected. An ima^e of the poiat E, therefore, will be 
formed at E^ a little below the axis, H G ; and, in the same 
manner, an image of the point D will be formed at D^ a 
little above the axis. So, the images of the several points 
between E and H will be arranged in their proper order 
below the axis, while those of the part D H will be above 
the axis, the^ whole forming an inverted image of the ob- 
ject, E'D'. 

355. The size of the image E' D' will be as much less 
than that of the object E D, as its distance from the mir- 
ror is less. That is, the size of the image will be to that 
of the object, as the distance of the image from the mir- 
ror is to the distance of the object. 

If the object is placed at E' D', its image will be 
painted on a screen situated at E D, and will be as much 
magnified as it wa^ diiQinished in the iprmer instance. 
In this case also the image will be inverted in reference 
to the object. In both cases, it will be observed, the 
image and object occupy the places of the conjugate foci 
(345) of the mirror. 

. If- an object is placed exactly in the focus of parallel 
rays, no image can be produced, since all the rays will be 
reflected parallel if placed nearer than this, they will be 
made to diverge after reflection, and of course no image 
can be farmed in front of the mirror. 

356. Experiments illustrating these principles can 
easily be performed by means of a lighted candle in a ' 

be placed At E D, where wiU the iou^e of the pointe, E and D, be formed 1 Will the 
Imaf e be erect or iiiTerted 1 966. How will the size of the imue compare with that of 
Che object 1 If the object were placed at E'l^, where would the Imaf e be formed 1 
Woold it be larger or imaller than the object 1 will as image be formed when the ob 
•etc if Is the foeoM of parallel raye 1 866. How maj ejcperimenta be performed to ittua 
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dark room, and any concave mirror of sufficient size 
Having placed the mirror in a proper position upon a 
table, let the candle be placed near it, as at D^ E^, but a 
little one side of its axis ; then let a screen, as a sheet of 
white paper, be held at a distance, as at E D, and a per- 
fect image of the flame, but much larger and in an in- 
verted position, will be seen upon it. 

Let the candle be now carried slowly to the right, the 
image willat the same time approach the mirror and will 
become smaller, until at len^h they will meet at C ; and 
if the candle is carried «till nirther to the right, the image 
will be found at the left of C, and will now be smaller 
than the object. In every case the same rule holds in 
regard to the comparative magnitudes of the object and 
image. 

357. Experiment with a Concealed Mirror. — ^By means 
of a eoncealed concave mirror of a large size, various 
illusions have sometimes been practised. 

Let G F be a lai^e 
concave mirror, not 
less than a foot in 
diameter, and let A 
B be a portion of a 
screen concealing it 
from the direct view 
> of the observer, but 

Concealed Mirror, haviug aU OpCUing in 

it exactly in front of 
the mirror. An object is then placed inverted at C, and 
strongly illuminated by a lamp, which, however, must 
not cast its light upon the mirror. Both the flowers and 
the lamp are ako concealed from the spectator, whose 
eye is supposed to be at E. He will, however, see a 
beautiful image of the flowers erect at D, in the opening 
in the screen ; but, upon his . attempting to lay hold of 
them, a dagger or some other object, to his utter conster- 
nation, instantly takes their place. This is done by a 

r . .- ■■'«-■ ■■■,,.., 

trate the mode in which images are formed by means of the concaye mirror 1 357. 
How may the Image of an object be formed so as to be visiblo to the observer when 
both the mirror and object are concealed ? 
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[terson behind the screen instantly removing the flowers 
and substituting a dagger in their place. 

358. Besides the mirrors described above, others of 
different forms are sonfietimes constructed, but they 
always form distorted images of objects. Of this kind 
are cylindrical and conical mirrors, the names of which 
sufficiently indicate their forms. The effect of a cyhn- 
drical mirror may be seen by taking a bright sheet of tin- 
plate in the two hands, and slightly bending its two op- 
posite sides backward, and observing the image of the 
face in it. Every part of the^face will appear of the full 
length, but will be diminished in breadth, giving the 
whole a ludicrous aspect. If. the upper and lower sides 
of the plate are bent backward, the reverse effect will be 
produced ; the parts of the face will appear of the usual 
Dreadth, but greatly diminished in length. 

359. Anamorphoses. — Sometimes dis- 
torted pictures of objects are made, so that 
seen in one of these mirrors, all the parts 
of the object shall appear in their true 
proportions. Thus, let A be a cylindri- 
cal mirror, standing perpendicularly upon 
the paper, and let the figure, B C D E, be 
observed as it will be reflected from its 
surface. It will then appear as a perfect 
square, F, the distortion in the picture 
being necessary to give it this form after 
reflection from a cylindrical surface. 
The same law holds here as elsewhere ; the rays of 
light from the different points in the picture, when re- 
flected from the cylindrical surface, make the angles of 
incidence and reflection equal ; and such cases are to be 
considered as natural and necessary consequences of that 
law. Let the student trace the rays from the several 
points BCD and E, to the eye. The next figure repre- 
sents a more complex case. 

QiTXBTioN 368. Mny mirrors of other forms, besides those already described, be con- 
^■trueted % What is said of the imafes formed by them 1 How may the effect of a cyl- 
tlndrical mirror be tamiliarly shown 1 When will the parU of the face be diminished 
in length, and when in breadth 1 369. What mast be the form of a figure that wlU pro- 
duce a sqnare when viewed in a cylindrical mirror 1 What are these changes of wrm 
semetimsfl called 1 
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The accompanying figure 
represents a cylindrical mir< 
ror, AB, with a distorted 
figure, M N, in front of it, 
the image of which in the 
mirror assumes the appear- 
ance of a regular portrait. 

The changes of form pro- 
duced in this way are some- 
times called anamorphoses. 



360. We have heretofore seen that a ray of light 
usually moves in a strai^t line ; but this is the case only 
while it is passing in the same uniform medium, as 
through the air ; when it passes obliquely from one me- 
dium to another, as from air to water or glass, or from 
either of these into the air, it is bent more or leas out of 
a straight line, and is said to be refracted. But if the ra^ 
passes perpendicularly from one medium to the other, it 
IS not then refracted. 

Let M N and P Q be two 
c A. media, lying in contact with 

each other, the lower of which 
is most dense, and two rays, as. 
A B and C B, passing through 
them. A B, being perpendicu- 
lar to the suifaces of the me- 
dia, will not be bent out of its 
course, but will proceed in a 
straight line to £ ; but the ray, 
C B, on arriTing at B, instead 
e to D, will be bent down- 




Btfraaim if Light 



f continuing a straight c 
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w^ard, and take the direction B F ; that is, it will be bent 
or refracted toward the perpendicular, BE. On the 
other hand, when a ray passes obliquely from a dense to 
a rare medium, it will be refracted from the perpendicu- 
lar. Let the ray be supposed to pass from F to B, when 
it arrives at B, it will be bent downward from the per- 
pendicular B A, and take the direction B C. 

When the ray passes from the rare medium, M N, to 
the denser medium, PQ, the angle, ABC, is called the 
angle of incidence, and F B E the angle of refraction ; 
but, if it passes in the opposite direction, then F B E is 
the angle of incidence, and A B C the angle of refraction. 

• The refraction of Ught may be well 
illustrated by the fdlowing simple 
experiment. Place a piece of money, 
B, in an empty basin, and stand by 
the side of it, having the eye at A, 
just so that the money may be con- 

cealed by the side of the vessel. 

Efeeta of jRtfraetum. Then let an attendant pour in water, 

and the money will be seen gradually 
to come into view, and to appear as if situated at B' in- 
stead of B. The ray of light from B, after the vessel is 
filled with water, in passing from the dense medium « 
water, to the air, which is much less dense, instead of 
passing directly to C, as it did before the water was 
poured in, is now bent downward, and proceeds to the 
eye at A. But, as an object always appears to be situated 
in the direction of the ray when reaching the eye, the 
piece of money will now appear to be at B', as stated 
above. 

It is in consequence of refraction that a spoon in a 
tumbler of water always appears bent at the surface ; 
the rays of light from the part above the water come 
directly to the eje, but those from the part beneath the 
water, being bent downward as they enter the air, cause 



firacted whan It ptmea from a dense to a rare medium ? By what ftmiliar experiment 
may the refraction of light be illustrated 1 Why does the object become yistble as the 
water is poured in 1 Why does a spoon in a tumbler of water appear broken at the 
«irfite«1 
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that part of it to appear elevated above its true }>osition ; 
and of course it will seem to be bent just at the sur 
face. 

361. All substances do not refract light equally, some 
possessing the power of bending it much more out of its 
original course than others; but it is always to be 
remembered that in any particular case the amount by 
which the ray will be hient out of its course will depend 
upon the nature of the medium it leaves, as well as upon 
that of the medium it enters. Thus, a ray passing from 
air into glass, is more bent out of its course than when 
passing from water to glass; so when the ray passes 
from ^ass to air, it is bent more from a straight line than 
when passing from glass to water. 

362. Irregular Refraction, — Light is often irregularly 
refracted by passing through a medium, the density of 
which is not uniform. It is the change of density that 
often causes the appearance of veins and irregularities in 
glass and other transparent substances. 

Every one has noticed the peculiar wave-like motion 
that seems to be going on in the air by the side of a hot 
stove or stove-pipe ; it is best seen by attempting to 
look directly by the stove to some object, as a window, 
beyond it. This is occasioned by the unequal refracting 
powers of different portions of the air, as they are ex- 
panded unequally, and put in motion by the heat. The 
rays of light, in passing through air in this state, are in- 
deed but slightly bent out of their direct course, but it is 
distinctly perceptible to the eye. 

The same appearance is sometimes, though rarely, ob- 
served in the open air, in peculiar states of the atmos- 
phere, in the warm weather of summer. 

363. Refraction of the Atmosphere, — ^When light trav- 
erses obliquely a medium, the density of which varies 
uniformly, it describes a curve. This is the case with the 

— — y- 

QuBSTioN 361. Do all bodies refract Ikht equally ? Will a ray of l^t be most bent 
oiit of its original coarse in passing vom air to glass, or from water to gbss 7 3G2. 
How is light affected in passmg through a medium of yarving density ? how is ths 
waTO-lilce motion, often seen in the air by the side of a heated stoye, accounted for 1 la 
the same appearance sometimes observed In the open air 7 963. What is the course of a 
ray of light in passing obliquely through a medium, the density of wh»ch yaries xkoif 





OPTICS. 231 

light of the heavenly bodies in passing through the earth's 
atmosphere, so that we never see them in their true 
places, except when they are directly over our heads. 

Thus, let S be the sun 
in the horizon, and E, a 
section of the earth with 
the atmosphere surround- 
ing it. As the atmosphere 
is much more dense near 
the earth than at a distance 
from it, (210,) a ray of 

Jttfraetion of the'Atmoaphere. light from the SUU in Or 

near the horizon, after en- 
tering it, as at A, will gradually be bent downward as it 
approaches the earth. A spectator at B, therefore, in- 
stead of seeing the sun at S, its true place, will see it 
considerably higher, as at S^ It is found that in conse- 
quence of the sun's apparent elevation from this cause, 
he actually appeara above the horizon at rising about 
three minutes earlier, and, at setting, remains the same 
time longer, than he otherwise, would, thus increasing the 
length of the day about six minutes. 

364. Bodies seen in the horizon in peculiar states of 
the atmosphere, sometimes appear singularly elevated by 
tKis cause above their proper natursd position, a.nd are 
said by sailors to loom up. A ship at a distance, or an 
island with the buildings upon it, will appear twice their 
ordinary hei^t above the surface of the sea, while their 
other dimensions remain as usual. This is occasioned 
by the unusually great refracting power of the atmosphere, 
by reason of the temperature and the presence of other 
substances, as vapors, floating in it. This appearance is 
often observed in a striking manner on the coast of New 
England, just before^he commencement of severe snow- 
storms. 

formlj 1 How la the Uc:ht of the laii affected by the earth's atmosphere 1 Bo we erer 
see the heavenly bodies in their true places 1 Do we see the heavenly bodies when 
pear the horizon above or below their true places? How much lonj^er does the sun 
appear above the horizon at setting, in consequence of refraction, than he otherwise 
would 1 364. When are distant bodies said by sailors to loom iq> 1 How is this ap- 
pearance occasioned? Under what circumstances is this phenomenon often seen on 
we CO lat of New England 1 

20* 
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365. Total Reflection of Light.— A ray of light can not 
pass fFom a dense to a rare medium, but is totally re- 
flected, whenever the angle of incidence exceeds a cer- 
tain magnitude, depending upon the nature of the me 
dium. 

Let ABC be a section of a 

prism of glass, and R a ray of 

light entering it perpendicularly 

and incident upon the inner sur 

face, B C, at D ; if the angle of 

incidence, P D R, is greater than 

41° 48', none of the. light will pass 

out at D, but the whole will be 

reflected upward to R'. It is, 

therefore, properly said to be totally 

reflected. If the angle, PDR, is a little less than 41° 

48', a portion of the light will pass out at D, and take the 

direction D R". 

The brilliancy of light, when totally reflected, far ex- 
ceeds that reflected from the most perfect mirrors. To 
show this, let a tumbler nearly filled with clear water, be 
held up so that the upper surface of the liquid may be 
seen from beneath ; it will appear of a beautiful silvery 
whiteness, by reason of the total reflection of the light 
incident upon it, and no object held above it will be visi- 
ble through it. 

366. Progress of Light through different Media, — The 
progress of a ray of light through any medium of uniform 
density may always be easily traced by means of the 
foregoing principles, and the result determined. 

In passing through a pane of glass, or any medium 
bounded by two parallel plane sunaces, the direction of 
a ray of light is not changed, but its position is more o 
less altered. 



ft 

UuBSTioN 366. What is meant by the total reflection of light 1 What is the greates 
angle of incidence a ray of light can have In passing from glaias into the air 1 What wil. 
be the eiAct if tlie angle of incidence is greater than 4F 48^ % What is said of the bril- 
liancy of light when totally reflected t How may this be shown by means of a tumbler 
of clear water 1 366. Will the foregoing principles be suflicient to determine the cooraa 
of a ray in passing from one medium to another 1 Is the direction of a ray changed in 
passing a pane of glass which has its two plane sur&ces parallel 7 Will the refraction 
of the ray, as it leaves the glass, bt Just equal to (hat which toolc plaoe as it entered 1 
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Thus, let A B be a piece of plate 
glass, the surfaces of which are per- 
fectly parallel, and let C D be a ray 
of light incident at D ; it will, on 
entering and leaving the glass, be 
refracted, according to the laws al- 
ready stated (360 ;) but both refrac- 
tions will be exactly equal in amount, 
and in opposite directions ; that is, 
it will be bent upward at D, and 
downward by an equal amount at K 
so that K E will be parallel to C D. It is, however, moved 
a little to one side from its former position, by the distance, 
in the present case, between K E and the dotted line ex- 
tending from D. This distance must always be less than 
the thickness of the glass. The effect of this upon con- 
verging rays is to prevent their coming to a focus as 
soon as they otherwise would. Let FGH be several 
converging rays ; it will be seen by tracing their course, 
that after emerging from the glass, they are removed a 
little further from each other than they were before, and 
must proceed a little further before meeting. 

367. If the two surfaces of the glass where the light 
enters and leaves it are not parallel, the ray will be bent 
more or less out of its course. 

Let A B C be the section 
of a triangular prism, of which 
A C and C B are the refract- 
ing surfaces, and AB the 
base. A ray of light, DE, 
from a luminous body, D, on 
entering the glass, will be 
bent downward in the direc- 
tion E F ; and again, on es- 
caping into the air, it will be bent downward in the 
direction F G ; so that both refractions turn it from its 
original course in the same direction. If an eye be 

Will conTerginff rays come to a focua as aoon after paninj^ thronsh a glan of tliia kind 
as they otherwuie would 1 What will be the effect ttpon diTerging raysl 367. If the 
two florfacea are not oarallel. what will be the effect f What ia shown in the figure Id 
this paragrspb 1 Where wiU the otgect appear to be situated to an eye at G 1 




Section of Prism. 
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Situated at G, the object, D, will appear to be at d, in the 
direction of G F produced. 

368. Instead of a solid glass prism, as represented 
above, one may easily be formed for the purpose, by hav- 
ing a frame made of tin, or even of wood, and puttying 
in three pieces of glass, and filling it with water or other 
transparent liquid.- Or it will answer for many experi- 
ments if made with only two sides, with the space be- 
tween them filled with water. 

369. Lenses.'-^Ijenses are 
A B c 3> S S* made of glass, or some trans- 
parent substance, and are of 
.jf such a form that the rays of 
light in passins through them 
are either collected or dis- 
^^*'^- persed. 

The double-convex lens. A, is 
a solid, bounded by two convex surfaces. 

The plano-convex lens, B, is merely half a double-con- 
vex, one surface being convex, as in the double-convex 
lens, but the other plane. 

* The double-concave lens, C, has both its surfaces con- 
cave, like a solid formed of two watch-glasses placed 
back to back, and the space between them filled up with 
transparent matter. 

The plano-concave lens, D, has one of its surfaces con- 
cave and the other plane. 

The meniscus, E, is a lens having one surface convex 
and the other concave, ^d these curves meet if pro- 
duced. The convexity of one surface exceeds the con- 
cavity of the other. 

The concavo-convex lens, F,'like the meniscus, has one 
surface convex and the other concave, but if produced, 
the curves do not meet. The concavity of one surface 
exceeds the convexity of the other. 

In all these lenses, a line, M N, passing through their 

Question 368. Is a Boltd glass prism necessary for this experiment 1 How may a 
prism be fitted for this purpose 1 969. What are lenses 7 What are they usually madt 
ofl What is the form of the doiMa-eonves lensl What is the plano-convex lensl 
What is the form of the ilouNe-eoneave lens 1 The plano-eoncave 7 What is the form 
of the two Burfitces of the meniacuo 7 In what does the eonoavo-contes lens differ from 
the meniscus 1 What is the axis of a lens 1 




centres and perpendicular to their surfaces at this point, 
ia called the axis. 

370. The course of a ray 
through any one of the 
above lenses may be easily 
traced in the following man- 
ner. Let ABCD be u 
spherical lens, (which is 
only a particular form of 
the double-convex,) and M 
N O three parallel rays inci- 
dent upon it. The middle ray, "N, being perpendicular 
to the surface, will not be refracted in passing through 
the lens ; but the rays, M and O, on entering tne leas at 
A and D (being refracted toward the perpendiculars, A 
S and D S,) will be made slightly to converge ; and, on 
leaving the lens, (being refracted from perpendiculars at 
the points B C,) will be made to converge still more ; and 
the result will be to bring them to a focus at F. 

The effect of the double-convex lens is precisely the 
same as that of the sphere, but somewhat less in degree. 
It is to collect the rays. 

371. The distance of the focus of parallel rays from 
the convex lens depends upoa the degree of convexity. 
In the double-convex lens of glass, it is at the distance 
of the centre of the sphere of wMch the lens is a part ; 
but, in the plano-convex lens, the focus is at the distance 
of the diameter of the sphere, or twice the radius. 

Let AB be a double-convex 
lens, having each of its faces a 
portion of the surface of a sphere 
whose centre is at C, then this will 
be the point to which parallel rays, 
M, will be made to converge. If 
one side of the lens was plane, 
then parallel rays would converge 

the mlddi* r«7, N, In Ihe llgore Dflhlip«ri|Tiph,bei»- 
il leqal Id wbit dlnctloD will the nji, U tod O, bg 
uid OD IhtIdk id Wliu wm bFthereauUI tube 
I the nms) 371. npoa wbu da« the dlHtHUca or Ilia 
V)ut ti Uia dbuncc of ihe tben* of a doubli-oonTu 
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to the point, D, at the distance of the diameter of the 
same sphere. 

372. If the rays are converging before entering the 
double-convex lens, the focus will be nearer the lens than 
the centre, C, but if they are diverging, it will be further 
from the lens. The same effect will also be produced 
upon the focal distance of the plano-convex lens. 

The well-known burning-glass is usually a double-con- 
vex lens ; and its effect, when held in the direct rays of 
the sun, is simply to concentrate the rays of heat, as well 
as those of light, to a point or focus. And the heat at 
this point is as much greater than the heat of the sun at 
the glass, as the surface over which it is distributed is 
less. 

Burning-glasses of great power have sometimes been 
constructed. One made by Mn Parker was tlu'ee feet in 
diameter, and had a second smaller lens connected with 
it in order to diminish the diameter of the focus. The 
heat of the sun when concentrated by it was so great as 
to be capable of mehing the less fusible metals, as gold 
and platinum, and other refractory substances. Indeed, 
such an instrument is perhaps capaUe of producing as 
great a heat as can be produced by any other means. 

373. The effect of the double- 
concave lens is to disperse the 
rays of light. Let AB be a 
double-concave lens, having both 
its surfaces portions of equal 

^.^^ ^ spheres ; and suppose parallel 

Doubu concatB Lens. rays, M, to bc iucidcut upon it 

in the manner shown. These 
rays will be made to diverge by passing through the lens, 
and to appear to proceed from a point, as C, which is 
therefore called the virtual or apparent focus. 

The effect of the plano-concave lens, it is easy to see, 

QuBSTiON 372L If the rajt are eonveiirinff before enterinff the lens will the distance oi 
the focus be greater or less than if they were parallel 1 what is the commoa burnins- 

{rlass ? What is its effect when held in the direct rays of the son 1 How much i^reater 
8 the heat in its focus than the heat of the sun before being concentrated 1 Wo«t wa» 
the diameter of Mr. Parker's great burning-glass 1 Why wis a second lens used with 
it 1 What is said of the heat capable of being produced by such an instruments 373. 
What is the effect of the concaye lens upon rays of light 1 What is its virtual or appa- 
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will be the same as that of the double-concave, but only 
less in degree. 

The action of the meniscus is the same as that of a 
double-convex lens of the same focal distance, the efiect 
of the convex side in converging the rays being greater 
than that of the concave side in separating them. So 
the effect of the concavo-convex lens is the same as that 
of the double-concave lens, but less in degree. 

374. Formation of Images by Lenses, — ^Images are 
formed by lenses much in the same manner in several 
respects as they are by mirrors. As we have before seen 
(350,) rays of light are eftiitted from every point of a visi- 
ble object ; and when the object is so arranged with 
reference to a convex lens that a portion of these rays 
from each point are again united in regular order, an 
image of that point will be formed. 

Let LCL be a 
double-convex lens, 
and M N an object 
in front of it. From 
every point, as M, 
rays are emitted in 
every direction; but 
a cone of them rep- 
resented by M L L, 
is intercepted by 
the lens, and again 
united at m, forming there an image of the point M. In 
the same manner, by a cone of rays emitted from N, an 
image of this point will also be produced at n ; and thus 
an image of aJl the points of M W will be formed in m n, 
in their proper order, though in an inverted position, in 
reference to the object. 

375. The size of the image will always be to that of 
the object as its distance from the lens is to the distance 
of the object from the lens. 

rent focus 1 What will be the effect of a concave lens upon converging raya 1 How 
will diverging rays be affectedl What la said of the action of the menlacoal 374. 
When willan image of an object be produced by a convex lena 1 May we consider the 
images of all the points of the object to be formed separately t What will be the posi- 
tion of the image in reference to tne otject 1 376. Upon what will the size of the image, 
u compared with the ol^ect, depend 1 When will the image be smaller than the ob- 
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An easy experiment illustrating these points may be 
readily formed in the evening, or in a darkened room, by 
means of a candle and a common magnifying-glass, or 
one lens of spectacles used by an aged person. 

Suppose A B to be a glass 
of this kind, and CD the 
flame of a candle placed -at a 
considerable distance from 
it. As before explained, a 
diminished and inverted im- 
age of the flame will be 
formed on a piece of white 
paper held at C D'. If, now, we place the candle at C 
D , and the paper at C D, an inverted but enlarged image 
of the candle will be formed upon it. But the candle 
must always be a little further from the glass than the 
principal focus, as there will be no image formed when it 
is brought nearer than this. 

The effect of the concave lens being to disperse the 
rays of light, it is evident no image can be formed by it. 
376. The formation of images by spherical lenses is 
attended by a practical difficulty which it has not yet 
been found possible entirely to avoid, called spherical 
aberration. 

Let A B be a very convex lens, 

and let CDEFG be parallel 

rays, the central one of which, E, 

being in the axis of the lens, will 

pass perpendicularly through it, 

without refraction. But the other 

four rays, being inclined to the 

surface of the glass, will be more 

or less refracted in passing through it, and, as before 

explained (370,) will be brought to a focus. But it will 

be seen, by a little examination of the figure, that the 




Spherical Aberration. 



ject 
P? 



St, and when larger 7 How may experiments illiutratiDg these principles be readily 
ribrmedl Will the magnitude of the image depend in any degree upon the diameter 
of the lens 1 Will two lenses of the same cony exiQr form images of the same mac oitndei 
whatever may be their comparative diameters 1 Why wiu the image formed by the 
larger lens be brightest? Can images be produced by the concave lensl 376. What 
practical difflcnl^ attends the formation or images by spherical lenses 1 When parallel 
rays pass through a convex lens, will all of them meet in the same focus 1 Are tn« rays 
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rays D and F nearest the axis are less inclined to the 
surface of the glass as they enter it than the exterior rays 
C and G ; they will therefore be less refracted, and will 
form their focus further from the glass than the exterior 
rays. The focus of the former rays will be at n, while 
that of the latter will be at m, where they will cross each 
other. 

Now, if with such a glass we attempt to form an image 
of any object, the result of course is, that instead of a 
single well-defined image, the tendency is to produce 
several images at different points which will confuse, and, 
in a measure, destroy each other. This defect may, to 
some extent, be remedied in large lenses by covering all 
the lens except a small part at the centre, and thus ex- 
cluding all the rays except the central ones ; but this 
greatly diminishes the quantity of light. By means of 
the meniscus, and also by different combinations of pla- 
no-convex lenses, the difficulty may be in a great mea- 
sure avoided, but no means have yet been devised by 
which, in the use of spherical lenses, it can be completely 
dispensed with. 

377. To remedy this evil it has been proposed to con- 
struct lenses of other forms than the spherical ; but the 
mechanical operations required in grinding and polishing 
them are so difficult that the project has been relin- 
quished. 



• BrXHATION OV TBI DXVVKRINT OOLORBD RATI, OR 

OBROMATIOf. 

378. White light, as it is emitted from the sun or other 
luminous bodies, Is composed of rays of several different 
colors, which may be separated from each other. New- 
ton, who first gave his attention to this subject, reckoned 



th« axil of the I«ii8 or those farther from it brought to a fociui neareit the lens? 
Will a Biof le image be formed by such a lens 1 How may this effect be to some extent 
I rem edied 1 Have any means yet been derisad by which It can be completely avoided 1 
IS77. Why has it been proposed to construct lenses of other forms 1 why has the pro. 
ject been relinqnislied 1 378. What is white light, as it is emitted from the san and 
other lominons bodies, composed of 1 How many colored rays did Newton suppose 
enter into the composition of white Uglit t What eolored rays only are contained in 
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ao less than seven colors as composing white light, viz. : 
red, orange, yellow, green, blue, indigo, and violet, which 
he called primary colors ; but the more recent investiga- 
tions of Brewster have rendered it probable that the white 
ray of the sun contains only three rays, the red, the yel 
low, and the blue. The other colors of Newton are pro- 
bably produced by different combinations of these three. 
Newton's method of separating the several rays was 
by means of the triangular prism, which is only a solid 

fiece of glass, bounded by three perfectly plane faces. 
Usually the faces are equally inclined to cacn other, but 
this is not essential. 

Let a ray of light 
from the sun, S, be ad- 
mitted through a hole 
in the window-shutter, 
D E, into a room from 
which all other light is 
excluded; it will form 
on a screen placed a 
little distance in front a 
circular image, W, of 
white light. Now, in- 
terpose near the shutter 
a glass prism, ABC, 
and the light, in passing through it, will not only be re- 
fracted, but the several colors of which white light is 
composed will be separated, and will be arranged in 
regular order on the screen immediately above the image, 
W, which will disappear. The violet ray, it will be 
seen, is most refracted or bent out of its course, and the 
red least, while the other colors are between them ; the 
whole forming on the screen an elongated image of the 
sun, called the solar spectrum. 

The separation of the several rays is evidently occa- 
sioned by their different refrangibihties, the glass of the 




Solar S^peetnan, 



white light, accordinff to Brewiter ? How are the other colors of Newton produced 1 
What was Newton's method of separating the several colored rays 1 What to iUn»> 
trated by the flcore in this paragraph 1 What ray is refracted most, and which least Y 
What is the tctar tpeetruntj How is the separation of the rays occasioned t Are 
the colors of the speetmm separated by a distinct line Y Will the width of tb« neren* 
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prism having the power to turn some further out of their 
course than others. But it is to be observed that these 
colors in the spectrum are not separated from each other 
by distinct and well-defined edges, but each runs into the 
other, the red shading off by imperceptible gradations 
into the orangey the orange into the yellow, the yellow into 
the green, &c. 

Newton, indeed, and others since his day, have at- 
tempted to measure the width of the several colors in the 
spectrum ; but, as might be expected, the results obtainea 
by different individuds are far from being uniform. And 
it is now known that their apparent width, compared 
with the whole width of the spectrum, will greatly de- 
pend upon the particular kind of glass, or other transpa- 
rent substance, which may be used. The results with a 
prism of flint-glass, for instance, will be different from 
those obtained when one of crown-glass is used ; so also, 
if a prism of water contained in a prismatic glass vessel 
(368) is made use of, the results will be entirely different 
from those obtained with a prism of alcohol, or sulphuric 
acid, or solution of salt. 

379. It appears, therefore, that the white light of the 
sun is composed of several differently colored rays, and 
the effect of the prism is merely to separate them from 
each other. 

It matters not in practice whether, with Newton, we 
consider that there are seven differently colored rays, or 
with Brewster, that there are only three, since the results 
will be the same. If a second prism, AFC, precisely 
like the first, be placed beyond it, but in contact with it, 
and in a reversed position, the several rays which are 
separated by the first prism will be reunited by the second, 
and beyond it nothing but the pure white light of the sun 
will appear. 

The several colored rays may also be recombined by 



colon be the nme whereprismfl of different refiractlnc tabstaneee ore used 1 If hol- 
low prisme filled with dlirerent Uqiiids, as water and ^eobol, are used, will the width 
of the colors be the same 1 379. is it important whether we consider tbat the soUur 
beam is composed of seven colored rays, or only three 1 How is it shown that the 
reunion of the colored rays of the spectrum will produce white light 1 May the colored 
ravs also be reunited by & conrex lens, so as to produce white light f 
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holding a convex lens near the prism between it and the 
screen, so as to bring them to a focus, which will be per- 
fectly white. 

380. The same point may be illustrated further by 
mixing powders of the several different colors in the 
proper proportion, which will produce a greyish-white. 
A pure white can not be produced in consequence of the 
impossibility of obtaining powders of precisely the proper 
shade. 

If we take a circle of wood and put 
a pin through its centre for it to re- 
volve upon like a top, and divide it 
into sections, R, O, Y, G, B, I, and V, 
. of the proper proportions, by pasting 
upon it pieces of paper of the different 
colors of the spectrum, when it is made 
to revolve rapidly, the whole will ap- 
pear of a greyish- white as before. 

381. On the undulatory theory, which has already 
been partiallv explained' (330,) these different colors are 
supposed to be produced, not by rays of different colors, 
but by differences in the amplitude and rapidity of the 
vibrations in the universally diffused ether, occasioned 
by passing the prism. According to Sir John Herschell, 
the extreme red ray is produced by waves, or undula- 
tions, the length of which is 266 ten-millionths of an inch, 
and 458 millions of millions of them occur each second, 
while the length of the waves producing the extreme 
violet is only 167 ten-millionths of an inch, and 727 mil- 
lions of millions take place in a second. In the other 
colors of the spectrum, both the length of the waves, and 
the number occurring in a second, are intermediate be- 
tween the numbers above given for the red and the 
violet, the extreme rays of the spectrum. 

382. The solar l*ay may also be decomposed by passing 




QuBSTioN 380. How may the same point be further illustrated by meant of paintil 
Can a pure white be produced in this war 1 What is the reason 1 381. How are tha 
different colors of the spectrum produced on the undulatory theory 1 What is mxp 
poMd to be the extent of the waves producing the extreme red ray of the spectrum 1 
How many of them occur in a second 1 What is the lenfth of the waves which pro- 
duce the extreme violet, and how many occur in a second? 382. By what other 
means may the solar ray be decomposed 1 If we look at the solar spectrum throusfa > 
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It through some medium that is capable of aosorbing 
some of the rays and transmitting others. If, for in- 
stance, a beam of white light be passed through a clear 
blue glass, it emerges of a fine blue color, havmg lost in 
the glass the rays which, when mixed with it, produced 
the white light. To determine what rays these are, it is 
necessary only to look at the solar spectrum through the 
glass ; the red and the orange will then disappear, while 
the yellow will be greatly increased in width, occupying 
a portion of the space before covered by the orange on 
one side, and the green on the other. It appears, there- 
fore, that the glass absorbed the red rays which, when 
mixed with the yellow, constitute the orange, and also 
the blue, which, with the yellow, constitute ffreen. 

383. By experimentingin this way with differently col-, 
ored media, it is found that there are in reality only three 
colored rays in the solar spectrum, the red, the yellow, 
and the blue, and that certain mixtures of these produce 
the other colors. The solar spectrum may be considered 
as made up of three other spectra, one of red, one of yel- 
ow, and one of blue, which overlap each other. Each 
color extends over the whole of the spectrum, but is much 
Tiore intense in that part where that color predominates. 
The red is most intense in the middle of the red space, 
the yellow in the middle of the yellow space, and the 
blue between the blue space and the indigo. 

Let C H represent the 
solar spectrum, the let- 
ters r, 0, y, g^ by i, Vi in- 
dicating the place of the 
several colors of the 
spectrum^ red, orange, 
yellow, green, &c. We 
may suppose the curves 
R, Y, and B, to indicate the relative intensities of the 
three supposed primary colors, red, yellow, and blue, and 
also the parts of the spectrum where each is most in- 

bhia flan, what colon will diaappear, and what colon will be incnaaed in width 1 
What ia the occaaion of thial 383. By experimenting in thia manner with flaaaea of 
other colore, what raya only %re we led to conclude, are contained in the aolar apeo- 
trum 1 How are the other colore produced t Doea each of theae colored raya ezteml 
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tense. Thus, the red, R, commences at C, and at once 
attains its greatest intensity, and then diminishes, becom- 
ing very faiht toward H. The yellow, Y, likewise be- 
gins at C, but does not so soon attain its full intensity, 
and extends further toward H, while the blue, B, com- 
mences very faint at C, and becomes most intense near 
the other extremity of the spectrum, H. Neither the 
red nor the blue is as intense as the yellow, as is designed 
to be indicated by the curve Y rising higher than the 
others. 

Each of the other colors, it will be seen, is composed 
chiefly of two of the primary colors, with a little of the 
third. Thus, the orange is made up of the red and yel- 
low, with a very little of the blue, and the green is com- 
posed of a mixture of the yellow and blue, with a little 
red. 

384. The green, because of its position in the spec- 
trum, is sometimes called the medium or mean ray ; but, 
though this color is usually near the middle of the spec- 
trum, it is found that the distance at which the extremes 
will be removed from it will depend upon the nature of the 
prism. A prism of hollow glass, filled with oil of cassia, 
for instance, will form a spectrum twice as long as one 
made of solid flint glass ; and of course the two extremes 
will be removed at twice the distance from the mean. 
Hence, the oil of cassia is said to have a ^eater disper- 
sive power than the glass, because it spreads or disperses 
the spectrum over a greater surface than the glass. 

385. Flint-slass, which contains in its composition 
oxide of lead, has a greater dispersive power than crown- 

?jlass, which does not contain this ingredient. If, there- 
ore, ABC (378) be a prism of flint-glaiss, and A F C a 
similar one of crown-glass, though the spectrum will dis- 
appear, and the luminous spot, W, be reproduced, it will 

- 1 - -11 ■ -■ — • — 

over the whole roectnun 1 Wbere is the red most iqlenee 1 Where the yeUow 1 How 
is this illuetcated in the fi^rore 1 What is nid of the composition of eacn of the colon 
of the spectnun besides the three primary rays 1 What is the orange ehiefly composed 
ofl 384. Why is the green sometimes called the mean ray 7 Does it always occupy 
the middle of the epectmm 1 Will the length of the spectrum depend npon the nature 
of the prism used f What is said of the spectram produced by a prism of oil ot casna 1 
What 18 meant by the <{iiper«tve power or a prism ? 386. What issaidofthedispersiTe 
powmr of a prism made of flint-glass, as compared with one of crown-glass? If two 
prisms, similar in form, bat one of flint-glaai and the other of crown-giaaa, are wob^ 
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not be composed of pure white light, as was the case 
when two prisms of the same kindf of glass were used 
(379,) but colored on one side with red, and on the other 
with purple. This is occasioned by the unequal disper- 
sive power of the two kinds of glass producing spectra 
of unequal lengths, though the mean ray is equally re- 
fracted by both, and therefore the luminous spot produced 
just where it was before. 

386. But though some prisms expand the spectrum 
much more than others, they db not in such cases expand 
all the difierently colored bands equally. The oil of 
cassia prism, alluded to above (384,) will form a spectrum 
twice as long as one of flint-glass ; but the violet and in- 
digo bands will be much more expanded in proportion 
than the red and the orange. If two prisms, one of oil 
of cassia, and the other oi sulphuric acid, are .used, this 
difference is very striking 

387. Tfie solar spec- 
trum furnishes the 
means of producinsr 
some of the most gor- 
geously colored figures 
that can be presented 
to the eye. Let a ray 
of light, S, from the sun 
be admitted through a 
window-shutter, D E, 
of a darkened room upon a glass prism, A B C, as before 
(378,) and hold a little beyond it in the colored ray a 
^lass tube, T, about an inch in diameter, and there will 
immediately be formed upon the screen, an ellipse of the 
most beautiful colors, which will vary with every motion 
of the tube. The form will also vary as the tube is 
held more or less inclined in the ray, approaching, when 
it is held in one position, nearly to a circle, and when 
held in another position, becoming a very elongated 
ellipse. 

If for the tube other transparent or reflecting bodies 

bined as repreieiited io the figure in paragraph 378, will white light be reproduced as 
when two prlama of the eame kind of glass are used 1 What reason is given 1 387. 
What is said of th« colored figures that may be produced by means of the solar ipe^ 




Bsperimmt with Spectrum, 



240 NATURAL PHILOSOPHY. 

are substituted, regular figures of every conceivable form 
may be produced, all of them displaying the richest tints 
of the rainbow. A tumbler of cut glass partly filled with 
clear water, substituted for the tube, produces some of 
the most beautiful figures, while the slight motion of the 
water causes a flashing of the colors, occasionally not 
unlike the colored Aurora Borealis, sometimes seen. 

These experiments are easily performed, and equal in 
brilliancy any thing that can oe produced in the whole 
range of optical science. (Sil. Jour., Vol. XLVIII, 
page 137.) 

388. Fia:ed Lines of the Spectrum. — ^When a narrow 
line of li^ht is admitted through a slit in the window- 
shutter of a darkened chamber, and made to fall upon a 
good prism of glass, the spectrum thus formed will be 
crossed throughout its whole extent by dark lines of dif- 
ferent breadths, which can be best seen by a telescope 
standing at the distance of some 10 or 12 feet. These 
lines can also be observed by looking at the narrow slit 
by which the light is admitted, through the prism , and 
the effect is said to be considerably increased if a bottle 
of nitrous acid gas is interposed between the glass and 
the light. 

None of these lines correspond to the boundaries of 
the different colors, though the whole number is not less 
than 600. Perhaps the most important point connected 
with these lines is, their constancy for the' same kind of 
light, or light from the same source. Thus, the spectrum 
formed by the light of the sup, whether derived directly 
from this luminary, or whether it be reflected from some 
other body, as the moon, always exhibits the same lines ; 
but almost every fixed star has its own system of 
lines. But the spectra formed by the light of the stars 
Sirius and Castor are precisely alike. 

It is a little remarkable that the spectrum formed by 
lamp-light contains none of these dark lines ; but in some 
cases distinct bright lines appear instead of them. 

trn m 1 What Is said of the flashing occasionally produced when a tumhler of clear water 
iu held in the spectrum ? 388. How mav the fixed lines ofthe spectrum be seeni Are 
these lines always the same for light of the same kind 1 What is said of the Uncs seen 
m the light of different fixed stars? Are these lines seen in the spectmm Ibrmed by 
the light of a lamp? 
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889. Illuminating Power of the Spectrum. — The great- 
est illuminating power of the spectrum appears to be in 
the yellow band, and from this it decreases toward both 
extremities. The best method to determine this point is 
to throw the spectrum upon a screen on which is some 
tolerably fine print, and observe where the print can be 
read most distinctly. 

390. Colors of Bodies, — The color of a body is not the 
result of any thing naturally inherent in the body itself, 
but depends upon its relations to light. Whatever may 
be the color of a body, when held m the red ray of the 
spectrum, it is itself red ; and when held in the blue, it is 
blue, &c. ; the color in any case being of course more 
brilliant when the natural color of the oody corresponds 
with that of the ray in which it is held. A red wafer, 
for instance, when held in the red, is red, and when held 
in the yellow, is yellow ; but the red is more brJUiant 
than the yellow, because the natural color of the wafer 
corresponds with the color of the rav. The color of a 
body, therefore, is the color simply of the light it reflects. 
A red substance is one that has the power of reflecting 
the red, while it absorbs or stifles sJl, or nearly all, the 
other rays ; a green substance is one, the surface of 
which reflects the green, while it absorbs the other rays, 
and so of the other colors. The diflerent shades of tint 
observed in bodies are all occasioned by different mix- 
tures of the primary ravs. 

391. Bodies that reflect all, or nearly all the light 
which falls upon them, are white, while those that absorb 
nearly all are black. But probably no substance is capa- 
ble either of reflecting or absorbing all the rays that fall 
upon it. 

392. Theories have been proposed to account for the 
great difierence in bodies in their efiects upon light, by 

QuBSTiOM 389. Where is found the greatest illuminating power of the gpectrum f 
990. Upon what does the natural color of a body depend) will any body, whatever 
Its color, when held in one of the rays of the spectrum, appear of the same color as that 
I ay 1 Why will a red wafer, when held in the red ray, appear of a more bri Uiant color 
than when held in any other ray 1 What, then, is the color of a body 1 When is the 
color of a substance said to be red 1 When is it said to be green 1 Upon what do the 
different shades of tint, observed in bodies, depend 1 991. When will a body be white ? 
When blacit 1 392. Is tt known why a body reflects a ray of a particular color and 
absorbs all the others 1 
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which their wonderful diversities of color are produced, 
but the subject is yet little understood. Why one sub- 
stance should be red, and another yellow, orange, or blue, 
— ^that is, why a body should reflect a particular one of 
these colors and absorb all the rest, is a question which 
in the present state of science can not be determined. 

393. Some substances that are of themselves opake, or 
nearly so, become transparent, or at least translucent, by 
being moistened with some transparent fluid. Thus, 
common writing-paper, especially when tolerably thick, 
is quite opake; but it becomes very translucent when 
saturated with oil, by which the light is transmitted, 
though it was incapable of passing these minute intersti- 
ces when void, or filled only with air. 

394. The Rainbow. — The rainbow is a splendid natural 
phenomenon, consisting of a colored arch apparently sus- 
pended in the sky, usually seen after a shower of rain in 
that part of the heavens opposite to the sun. When the 
circumstances are favorable there are always two bows, 
one within the other, the inner one being brightest, and 
therefore called the primary how. The other is called 
the secondary how. 

395. The rainbow is also sometimes seen in the spray 
produced by a cataract, as at Niagara Falls, or by the 
dashing of the waves upon the shore of the ocean. But 
in all cases the cause is the same, viz., the decomposition 
of the light of the sun by the falling drops of water in the 
manner of the prism (378,) and its subsequent reflection 
to the eye of the observer. The position of the bow, 
whether seen in the drops of falling rain, or in the spray 
of the cataract, will always be on the opposite side of the 
observer from the sun ; that is, in looking at the bow in 
front of him, he will haVe the sun behind him. On fiir- 
ther examination, it will be found that the sun, the eye 

QuBSTioN 993. How may some opake bodies be made translaeent 1 Whf does paper 
oecome translucent when its pores are filled with oil or water? 394. What does the 
rainbow consist ofl "In what part of the heavens is it seen 1 How vaxxj bows are 
seen when thii ciretunstances are &Torable 1 By what terms are these two raiobows 
distinguished 1 395. In what is the rainbow sometimes seen 1 Is the cause always the 
samet Will the bow always be seen on the aide of the obsenrer opposite the son 1 
What is said of the relative positions of the sun, the eye of the obserrcr, and the ceotro 
of the bow T 
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of the observer, and the centre of the circle of which the 
bow forms a part, will be in the same straight line. 

396. To understand the man- 
ner in which the light is de- 
composed and reflected to the 
eye, let us suppose A B C to be 
a drop of water suspended in 
the air, and S a ray of light 
from the sun to strike it at A. 
As the water is more dense 
than the air in which the ray 
has been moving, on entering the drop, instead of proceed- 
ing onward in a straight line to D, it will be bent down- 
ward to B, and then &om the interior surface it will be 
reflected back to C ; and on emerging into the air again 
at C, it will be bent upward and proceed to O, as if com- 
ing from D. Now, the white light of the sun's rays is 
always decomposed, more^or less, when refracted ; conse- 
quently, at A, some separation of the primary rays must 
take place, which, however, will be increased at C. From 
a single drop, therefore, all the colors of the spectrum will 
be produced, the violet, as it is most refracted (378,) 
being highest, and the red lowest, with the other rays 
between them. If it were possible, therefore, to suspend 
a single drop of water in the air, as supposed, at the dis- 
tance at which the bow is formed, and to receive on a 
screen in a dark chamber the several rays thus decom- 
posed and reflected from it, we should form a solar spec- 
trum, as perfect as that produced by the prism, only it 
would be exceedingly faint, because of the small quantity 
of light. 

Ifwe place the eye in the solar spectrum produced by 
the prism, as a general thing, only one ray can enter, the 
other rays all passing either above or below the eye. So 
of the colored rays separated by the drop of water in the 
air, only one of them could be seen by the eye while in 

QrasTioii 896. What will 1m the eooise of the nj In the drop of water as tUiutnited 
m tiie llgare 1 If it were poarible to laBpend a ringle drop of water in the heavens at 
the proper diitaoee, would it gire all the colon of the •pectmm 1 If the eje ie placed 
In the aolarineetnim finrmed 07 the priam, whj wUl out one color, as a feoeral thlngi 
ba Been 1 Woald orilj one of the colon prodoced bj the drop of water be seen 1 
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the same position, but they could all be seen in succes 

sion by raising or depressing the eye. 

397. Let us suppose that 
there are several drops placed 
side by side one above the 
other, as A, B, C, in the ac- 
companying figure. To pre- 
vent confusion, we will trace 
the course of only three rays, 
the violet, the yellow, and the 
red. Let S S S be the rays 
of the sun, which will be par- 

yrj^^^ ^^-r-::^^^ ^^®^* ^^om thc uppcrmost 
rt^^^-^ — — '^::p^^^ drop. A, the several colors 

will emerge, as above de- 
scribed; but the violet and 
yellow will pass above the 
eye at E, the red only, which is least refracted, entering 
it. The drop, A, therefore, will appear entirely red. Of 
the rays from the next drop, B, the yellow only, we will 
suppose, enters the eye, the position of the drop being 
such as to bring this to the eye, while the two extreme 
rays pass one above, and the other below it. This drop, 
therefore, will appear yellow. Prom the lowest drop, C, 
only the most refracted ray, the violet, will enter the 
eye ; all the others not being bent upward sufficiently, 
will pass below it. Its color, therefore, would be violet. 

It will be seen, therefore, though the several colored 
rays which emerge from each drop, reckoning downward, 
would be in the order violet, yellow, and red, yet to the 
observer, looking at them in their position, this order 
would be reversed ; and he would see the red highest, 
then the yellow below it, and then the violet lowest. 
Now this IS the order in which the colors are always seen 
in the primary rainbow ; the red occupies the highest or 
outside edge of this bow, and the violet the inside, the 

QuBSTioM 397. But if there are (WTersl drops perpendiGalarl7 ofrer each other, what 
will t)e the effect 1 What three colora are supposed to be reflected to the eye ftota. the 
three drops in ths fi^re in this paragraph 1 Why does the eys receive only the red 
from the first or uppermost drop 1 And why is the Tiolet ray only received from the 
lowest drop 1 Wlwit becomes of the other rays % What is the order in which the col- 
ors always appear in the primary rainbow 1 
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other colors being intermediate in regular order between 
them. 

398. It is evident that in the production of the rain- 
bow, drops of water can not remain suspended in the air, 
as we have supposed, but the effect is the same. The 
drops are indeed constantly falling, but at any point from 
which a particular ray comes to the eye, they succeed 
each other with such rapidity, that the effect is the same, 
in decomposing the light, as if a single drop had remained 
suspended there. 

399. Exterior to the primary bow, and at a distance 
from it, is the secondary rainbow, which is always less 
brilliant than the primary, and has the several colors in 
the reverse order. That is, in the secondary bow the 
violet is outermost, and the red on the inside edge, with 
the other colors in their proper order between them. 

To understand the mode 
in which this is formed, let 
A B C D be a drop of wa- 
ter, and S, a ray of white 
light from the sun, entering 
it at p. On entering the 
water, by the law of refrac- 
tion it will be bent upward 

aeeondary Bow. tO C, from which it wiU be 

reflected by the interior 
surface to B, and from that to A, where it will again 
emerge into the air, and will be bent down to E, the sev- 
eral colored rays being separated from each other as 
before. In this case, however, the red, being least re- 
fracted, will be uppermost, and the violet lowest. And 
if we suppose several drops to be arranged above each 
other as before, it is easy to see that the order of the 
colors must b.e the reverse of that in the primary rainbow, 
as is really the case in the secondary bow. 
The position of the two rainbows, and the order of the 

QvssTioK 398. Do drops of water actually remain nupeoded In the air in this man- 
ner 1 How then are colon formed 1 399. where is the secondary rainbow sitoated in 
reference to the primary bow 1 Wliat is the order of the colors in the secondary bow 7 
What is shown in the first figure in paragraph 3991 What is shown in the second 
4(ars1 

22 
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Rainbow, 



colors in each, will be as rep- 
resented in the accompanying 
figure. S S are the rays of the 
sun, and E the eye of the ob- 
server. The extreme colors 
only, the red and the violet, 
are represented, the others 
being supposed in their proper 
order between them. 

400. It will be observed that 
in the production of the pri- 
mary rainbow the light undergoes two refractions, one on 
entering the drop of water, and the other on leaving it, 
and one reflection ; but in the secondary bow it is twice 
refracted, once on entering the drop, and again on leav- 
ing it, as before, and twice reflected. Now at every re- 
fraction and every reflection, a portion of the light is ne- 
cessarily lost ; we see, therefore, why the colors of the 
secondary bow should be less brilliant than those of the 
primary, the light in producing it having to undergo one 
more reflection. 

Other rainbows, besides these two, are theoretically 
possible, in forming which the light must undergo more 
than two reflections in the drops of water, but the colors 
become by so many reflections too faiat to be observed. 
401. As the sun, the eye of the spectator, and the cen- 
tre of the bow, must always be in a straight line, we per- 
ceive why the rainbow is seen in time of rain only in the 
morning or evening. Suppose a rain-cloud to pass over 
the observer as eany as 3 o'clock in the afternoon, with 
well-defined edges, so that the sun makes his appearance 
as soon as, or even a little before, the rain has ceased fall- 
ing at the point where he is standing ; a line drawn firom 
the sun through his eye, on account of the sun's being so 
high in the heavens, would, if continued, strike the 
ground so near him as not to allow of the formation of 
the bow. 

QiTBBTioir 400 How many reflections and refractions does the light undergo In pro* 
dncing the primary rainbow 1 How many in prodacing the secondary bow 1 Why is 
the secondary bow less brilliant than the primary') Are other rainbows possible 1 
gjjy."® tney not seen! 401. Why is the rainbow seen only Blaming or eTeningl 
wnat is the greatest altitude the sun can have when the primary bow is seen 1 If t&s 
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The altitude of the sun above the horizon where the 
primary bow is seen by an observer situated upon the 
level surface of the earth, can not be more than about 41 
or 42 degrees ; but if the observer be upon a high moun- 
tain, he may often see it formed below him when the sun 
IS higher in the heavens. So, if the observer be on a 
plain, the magnitude of the bow can not exceed a semi- 
circle, but it is not so to a person on a high mountain. 

Rainbows are sometimes formed by the light of the 
moon, but the colors are exceedingly faint, so as to be 
scarcely perceptible. 

402. Hdlos, — The circles often seen around the sun and 
moon are produced by different refractions and reflections 
of the light, in passing through the particles of moisture and 
other exhalations, contained in the atmosphere. Some- 
times it is supposed they are occasioned by small crys- 
tals of ice, which are no doubt, even in warm weather, 
often produced by the cold which is known to prevail in 
the upper regions of the atmosphere. Sometimes sev- 
eral circles are seen at once around the sun or moon, but 
they do not usually have the same centre, which for each 
circle is at a little distance from the luminary. When 
there is but a single circle, the luminary always appears 
exactly in its centre. Not unfrequently, besides the cir- 
cles surrounding the luminary, several other circles and 
parts of circles are seen crossing each other in various 
directions, some of which will have the luminary in their 
circumferences, and some will be at a distance from it, 
and apparently having no connection with it. To all 
these the term halo has been indiscriminately applied. 
Mock suns or coronce appear to be usually only small frag- 
ments of arcs of circles, and are generally seen in pairs 
at equal distances from the sunken opposite sides. 

The accompanying figure is a representation of the 
halo which was seen in the State of Connecticut, and 
in other parts of our country, about the middle of the day, 
September 9, 1844. It is made from a sketch taken by 

obterver is standing on a plain, what is the greatest magnitude the bow can bavel 
Maj rainbows be formed by the light of the moon ? 402. How are the circles often seen 
aroand the sun and moon product ? May crystals of ice exist in the upper regions of 
'Jie atmosphere in places in warm latitudes 1 Are there sometimes more than one cir- 
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the eye at the time, the observer being supposed to face 
the south. Around the sun, S, were two distinct circles 
not concentric with each other ; and at A and B, above 
and below the sun, where these circles crossed or over- 
laid each other, were two bright coronae. North of the 
sun, and having the sun in its circumference at the south, 
was the large circle S D C E, wliich was very distinct 
and fully formed. At C, the segments of two other cir- 
cles appeared crossing each other, and also the circle 
S D C E. These segments were very distinct, but the 
rest of the circles, of which they formed a part, indicated 
by the dotted lines, though at times perceptible, were 
very faint. The two circles around the sun at times ex- 
hibited the colorsof the rainbow with considerable vivid- 
ness, but all the others were white. At Jackson, Ten- 
nessee, a combination of circles very similar to these 
was seen January 1st, 1824. (Sil. Journal, Vol. VII., 
p. 384.) 
403. Mirage, — A very singular phenomenon called 

tie 1 What are moek-aunt 7 Where waa the halo seen repreaented in the aceompanj- 
ng figure 7 Did auy of theeecirclea exhibit the colon of the rainbow 1 403. Whatoo- 
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mirage^ which is occasionally seen in different coun- 
tries, appears to be occasioned by a peculiar state of 
the atmosphere in the place, the lower parts near the sur- 
face being much more dense, and of course refracting the 
light more (363) than the parts immediately above. 
Tnis, as we have seen, always takes place to some extent ; 
but in some cases, from the operation of causes which 
are not altogether understood, the difference in the den- 
sity of the lower and upper parts of the atmosphere 
becomes greatly increased ; and rays of light from objects 
at the surface, which are at first emitted in a direction 
that would carry them high above the earth, are, by the 
unequal refraction of the different strata of the atmos- 
phere, gradually bent so much put of their original course 
as to be again returned to the surface. In such a case 
an image of the object will be seen, more or less elevated 
above the object itself, in the direction of the rays as 
they enter the eye (363.) 

Thus, let A B be an 
object in the horizon 
seen directly by the eye, 
E, by the rays A E and 
B E, through the strata 
of air near the surface of 
uniform density. At the 
same time, rays will be 
emitted in other direc- 
tions, as A My and B n ; 
and if the density of the 
air through which these rays pass diminishes with suffi- 
cient rapidity, they may be bent so much out of their 
original course as to be brought down to the eye, E, of 
the spectator, and he will see an image of the object in 
the air, as A' B'. 

404. If the density of that portion of the atmosphere 
through which the ray A m from thQ tpp of the object 
happens to pass, diminishes more rapicjly than that por- 

caaions the phenomenon called mira0^ May the denpltr pf the air above us dimin- 
iah ao rapidly aa to cause rays of ught from distant obiecta that would otherwise 

KMB over our heads to be brought down to the eye 1 Will an image of the object 
than seen in the dri How is this illustrated in the accompanying figure 1 4(H. 
Under what circttmstancea iviU the image appear inverted? May thia pbenom» 
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tion through which the ray B n from the lower part of 
the object passes, then the former may be bent down- 
ward so much more than the latter as to cross it ; and as 
a necessary consequence the image A' B' will then ap- 
pear to be inverted. In many instances, a direct and an 
inverted image, one above the other, have been seen at 
the same time. 

This phenomenon may occlu: when 
the object, the image or images of 
which are seen in the air, is below 
tha horizon. The subjoined figure 
represents a phenomenon of this 
kind, which was seen by Dr. Vince 
from Ramsgate, a small town on the 
coast of England. A ship was pass- 
ing at such a distance, that only her 
topmasts. A, appeared above the hori- 
zon ; but in the air above the ship 
were two perfect images of her, B 
and C, the lower one of which was 
inverted and the other erect, the 
keels of the two being together. In 
another case of the kind, there ap- 
peared a portion of the sea between 
the two images. 
In 1822, a young English captain, being at sea, ob- 
served the inverted image of a ship in the air, which was 
so distinct that he recf^ized it as the one commanded 
by his father, though the ship at the time was entirely 
out of sight below the horizon, 

405. The ship that was seen coming into the harbor of 
New Haven, Connecticut, in the month of June, 1647, 
was, no doubt, an instance of this kind. This town was 
first settled in 1637; and only 10 years afterward, with 
much effort the citizens fitted out their first ship of about 
(50 tons, which sailed for England, in January, 1647. 
This was of course to them a matter of great importance, 
^specially as she took as passengers several of their first 




)Uln"'lM*Wim wprt iK" 



i^ of v^ich la iDTiziM 
Spirt in pvm^apli 41 



OPTICS. S57 

mhaiitants. On the opening of spring ther were greatly 
disappointed to learn by arrivals from England that noth- 
ing had been heard of her there, and of course were in a 
dreadful state of suspense with regard to her. In the 
month of June, after a severe shower of rain, attended 
with lightning and thunder, a little before sunset, it was 
announced to their great joy that a ship of similar dimen- 
sions to their own was entering the harbor, and sailing 
up to the towm. She continued thus to advance toward 
the town, nearly in a north direction, with all her sails 
set, for nearly half an hour, though the wind was directly 
against her ; until at length, when arriving very near the 
spectators who had assembled to see her, the lops of her 
masts seemed to be blown off, then other jportions of her 
masts and rigging, and in a few minutes the whole ship 
had disappeared ! 

The feelings likely to be produced in the minds of the 
people by such an occurrence, at such a time, and under 
such circumstances, may easily be imagined. Nor is it 
wonderful that they should conclude that a kind Provi- 
dence had taken this method " for the quieting of their 
afflicted spirits," to intimate to them the fate which had 
befallen their beloved ship, and lamented fellow-citizens. 

The ship seen by them was, no doubt, the image of a 
ship, formed in the air in the manner explained above, 
which was sailing by at the time, but so distant as to be 
beyond the horizon. Her disappearance in so singular a 
manner was probably occasioned by the breaking up of 
the strata of air, which, by its unusual refraction, had 
produced the phenomenon. 

406. In Egypt and other countries, a different kind of 
mirage is often seen. The traveler passing over the 
burning sands, sees, as he supposes, a vast lake of water 
spread out before him, from the surface of which all 
objects beyond are beautifully reflected, precisely as 
from the surface of tranquil water. This is occasioned 
by the strata of air at the surface becoming suddenly 

Jane, 1647 ? How are tbew oecnrrencet aecounted for 1 406. What it said of the oe- 
cnrrence of mirage in Egypt 1 How are thej explained 1 Whj does the lake dJMppear 
■• the traveler approacbet it 1 
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heated, by its proximity to the heated sand, and rendered 
less dense than the air above it ; the rays of light from 
distant objects and from the sky are then bent upward, 
and brought to the eye just as if reflected from the plane 
surface of a smooth lake. But, as the traveler advances, 
the supposed lake suddenly vanishes, and nothing appears 
but the same burning sands he has for hours been pass- 
ing over. 

Let A B be an 
object seen at a dis- 
tance by the direct 
rays, A E and B E ; 
other rays, as A m 
and B n, passing 
downward through 
heated, and there- 
Mirage. forc Icss dcusc Strata 

of air, are refracted 
upward to the eye at E, causing an inverted image of the 
QDJect to appear at A' B'. 

407. That the above is the true explanation of these 
singular phenomena majr be shown by direct expeii- 
ment. Let a square phial be partly filled with a very 
dense and perfectly clear solution of sugar, and above it 
introduce carefully an equal quantity olf pure water. The 
solution of sugar, being more dense than the water, will 
remain at the oottom ; but the two will mix more or less 
at the surface of contact, and form a stratum, the density 
of which will diminish upward. If, now, a small object, 
as a card with a word written upon it, be held on the fur- 
ther side of the phial, the word will appear in its natural 
position when viewed through the water or the sugar 
solution, but when seen through the mixed liquid, it will 
be inverted, and out of its true place. 

It will be observed that these phenomena of mirage are 
only extreme cases of atmospheric refraction of the same 
kind as those described above (364,) and are therefore 
^ery properly termed cases of extraordinary or unusual 
refraction. 



QusBTioN 407. May this phenomenon be imitated by an experiment ? How is iC 
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POLARIZATION OF LIGHT. — ^DOOBLS RIFBAOTIOIT. 

408. The polarization of light is a difficult branch of 
the science of optics, and only a few of its more import- 
ant principles can be discussed in an elementary work 
like the present. , 

Polarization Oj \,i^ht by Reflection. — ^If a beam of light 
from the sun be admitted into a dark room through a cir- 
cular aperture in the window-shutter, and a little fine 
dust, as powdered starch or chalky diffused through the 
air, or even the dense smoke of burning paper, the beam 
will be seen by the reflection of the light from the float- 
ing particles to be every where circular, and will appear 
like a perfectly straight cylindrical rod, drawn across the 
room. If we hold a piece of paper in the beam, a circu- 
lar luminous spot will be produced of the same size or a 
little larger than the aperture through which the light is 
admitted. 

409. If a piece of window-glass, previously coated on 
one side with black varnish, be now held in the beam of 
light, it may be reflected with equal facility in any direc« 
tion — upward to the ceiling, downward to the floor, or to 
the right or left.. That is, it posisesses the same property 
on every side ; for it will be convenient to speak of the 
beam of light as having a right and left, an upper and an 
under side. 

410. But if the beam of light, after its admission into 
the chamber, instead of being allowed to pass directly 
across, is made to fall at the proper angle on a piece of 
glass painted black on one side, and laid on a table with 
its unpainted side upward, the beam now reflected from 
it will be found to have undergone a remarkable change. 
It may now be reflected upward or downward by another 
piece of painted glass as before, but can not be reflected 

QuBSTioN 406. When a ray of lieht from the sun is admitted into a darkened room in 
which some fine dust or smoke is diffused, what appearance does it present 1 409. 
May the beam of light be reflected in every direction by means of a piece of painted 
glass 1 Does it possess the same properties on ail its sides 1 410. If, after the ray 
enters the room, it is reflected at the proper angle from the surface of a piece of glass 
laid boriiontaliy upon a table, and an attempt be made to reflect it a second time by a 
piec* of glaas, what will be the result 1 In what directions may it now be reflected "* 
•nd in what direction does it refuse to be reflected 3 
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to the right or left. That is, its right and left sides pos- 
sess peculiar properties, by reason of which it refuses to 
be again reflected in these directions^ and the light is said 
to be polarized, 

411. When, as in this case, the ra^ of polarized light 
can not be reflected in a horizontal direction to the right 
or left, it is said to be polarized in a vertical plane, or the 
plane of polarization is said to be vertical. If it could be 
reflected vertically but not horizontally, the plane of pol- 
arization would then be said to be horizontal. When a 
ray is polarized by reflection, the plane of polarization is 
always perpendicular io the reflecting surface. The 
second plate, therefore, is capable of reflecting the 
polarized ray in its plane of polarization, but*wiU not 
reflect it in a plane perpendicular to the plane of polari- 
zation. 

412. It is to be particularly observed that in order to 
exhibit these phenomena in the best manner, the ray of 
light must make the proper angle of incidence, which is 
about 56|^, with both of the glass plates. If the angle of 
incidence at the first plate varies a little from 56|°, the 
ray will not be completely polarized, and a portion of the 
light will therefore be reflected from the second plate ; 
and if it makes the proper angle with the first plate, but 
not with the second, the same result will be obtained, 

413. As it is often inconvenient to obtain a direct ray 
from the sun in a darkened room, a lighted candle may 
be used for the experiment with good success. 

Let A B be a plate of 
c (s^ £ painted glass placed upon 

a table, and C, a lighted 
candle at such a distance 
from it that the light' 

Ob from the blaze shall make 

PotarixaHonqt Light. with the Centre of the 

QuBSTioM 411. When Is a rav of light said to be polarized in a ▼ertlcal plane 1 When 
18 'the plane of polarization said to be horizontal 1 When a rav of light la polarized by 
reflection, what is the position of the plane of polarization witn referoice to the refleet^ 
ing surface ? Will the second glass plate reflect the polarized ray in the plane of polar- 
ixatiou 7 412. What is the angle of complete polarization 1 What will be the effect if 
^b« rf/ does not make exactly the proper angle with either the first or second plate 1 
413. How may the experiment of polarizing light be performed by means of a ^un dk I 
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plate the proper angle of incidence 66 1^. Then let a per- 
son station himself with his eye at E, so as to see the 
image of the candle in the plate, A B ; and taking a second 
plate of painted glass in his right hand, let him hold it 
against the right side of his face so as to see in it the 
image of the candle* reflected from the first plate ; and 
then, carefully keeping his eye upon it, let him turn his 
whole body gradually to the right. The plate upon the 
table and the image of the candle in it will seem also to 
be carried round as he turns ; and if he has been success- 
ful in causing the light to make the proper angle with the 
plates, the image will become more and more faint as he 
turns, until at length it will nearly disappear. By turn- 
ing himself back again, the image is made gradually to 
resume its former brilliancy. There will be a little difii- 
culty at first in performing the experiment, but a few per- 
severing attempts will insure success. It will be found 
that the image of the candle is faintest when the second 
plate is in a particular position, and becomes brighter 
whenever this position is changed in any direction. 

If painted glass can not be conveniently obtained, the 
experiment will succeed very well if only a piece of black 
cloth, or a black glove, is laid under the first plate of 
glass, and another piece is held against the back of the 
second plate. The results of the experiment will also be 
more satisfactory if several plates of glass ar^ placed 
upon each other on the table, the under side of the lower 
one only being painted. The light reflected to the second 
plate will be much stronger than if a single plate only is 
used. 

414. Another method of performing the experiment is 
to place the first plate of glass, A B, upon a table stand- 
ing in front of a window, so that the reflection of the sky 
may be seen in it at the proper angle ; and then taking a 
second plate, and holding it, as described above, so as to 
see in it the reflection of the skv from the first plate, and 
turning the body as before. As the body is turned, the 
white ught, at first reflected, gradudly vanishes, until at 

b it eMential to bay« the pieces of glass painted 1 Will it be advantsfj^eoas to nse ser* 
ersl polarizing plates instead of a single one 1 414. How may the experiment be per> 
formed bj means of light from the sky f 
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^ength the plate appears nearly black. The sky-ligh 
being polarized by its reflection from the first plate, re 
fuses to be reflected from the second when the proper 
angle is attained, and becomes less and less brilliant as 
this angle is approximated. In rough experiments like 
these, therefore, it is not to be expected that results as 
satisfactory can be obtained as by the use of apparatus 
constructed for the purpose, with all the necessary ad- 
justments for obtaining the proper angles. 

415. The proper position of the two reflectors in refer 
ence to each other in order to produce the greatest effect, 
will perhaps be better understood by the annexed figure. 
Let R in each of the figures be a ray of light received, 
we will suppose, from a candle upon a plate of glass, M, 
at the proper angle of incidence (56| degrees ;) a portion 
(^ it will be reflected firom this plate to a second plate of 




^ 



r 






Bay of light. 



glass, P, in the plane 'Rxy, which is at the same time the 
plane of reflection and the plane of polarization. This 
ray, xy, is now polarized ; and if the second plate, P, is so 
situated in reference to the first, M, that its plane of re- 
flection, E yo?, shall coincide with that of the first, H xy, 
as in Nos. 1 and 3, it will be again reflected without loss, 
and the eye at E will see a distinct image of the candle 
though it has been twice reflected. But if the plates M 



QvxsTzoif 415. What !• repreiented in the flgare in paragraph 4151 
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and P are so placed that the plane of reflection of the 
second,' "Eyx, makes a right angle with that of the first 
plate, R a? y, the ray is not reflected the second time, but 
is lost entirely at y. This relative position of the plates is 
represented in No. 2. Of course in this case no image of 
the candle will appear to the eye at E. 

In intermediate positions of the plates M and P, a por- 
tion of the light will be reflected from the second plate. 

It is to be specially observed that the polarized ray x y 
must always make tne same angle of incidence with the 
second plate^ P. as the ray, R, makes with the first plate» 
M, which is 56| degrees. 

In the figures the lower plate, M, is represented as 
changing its position while the upper one, P, remains un- 
changed, but this is only for the sake of convenience ; 
all that is necessary is that the two plates should sustain 
the same position in relation to the ray as is indicated. 

416. In all these experiments, the action of the first or 
polarizing plate seems to be to divide, or decompose, the 
light into two parts, one of which is reflected from its 
surface to the second plate, while the other passes through 
it and is absorbed by the black paint or cloth on the 
other side. The first plate on which the light is received 
is called the polarizing plate, and the second the analyz- 
ing plate. 

417. Light is also polarized by reflection from the sur- 
faces of other, bodies ; l)ut, to undergo this change, it 
must be incident upon them at different angles. Thus, 
for water, the proper polarizing angle is a little more than 
63<^, for sulphur, nearly 64°, and for the diamond, 68°. 
When light is incident upon these substances at andes 
varying a little from the above, it is still polarized, but 
the polarization is not complete. 

418. Polarization of Light by Absorption. — Polarized 
Kffht may also be obtained by simply transmitting a ray 
of common light through thin plates of certain substances, 
as brown tourmaline, and agate, when cut and polished 

UvisTiO]i416. In all these ezperiments, what is the action of the first or polarizlci 

Elatsl 417. b the angle of complete polarisation for all substances the same 1 4t& 
^eseribe the experiment with the tourmaline plateel 

28 
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1 a in the proper directions 

W^^ Iq this case, the ray of 

Jjt__^ common light is de- 
^^^■■^ composed into two rav^ 
A. ^^^^^ polarized in opposite 
l^P planes, as before, and 

one of them is trans- 
t. mitted while the other 

is absorbed or stifled by 
the polarizing substance. 
Tourmaline crystals are usually in the form of six- 
sided prisms, the optical axis of which corresponds with 
the axis of the crystal ; and pieces prepared for polar- 
izing light are thin slips cut parallel to the axis, and 
polished. If we look at the sky through such a piece, a 
distinct yellow light is seen, which is scarcely diminished 
by placing a second piece of tourmaline on the first, pro- 
Tided the two are parallel, as indicated in the first of the 
accompanying figures, the ray of light passing in the 
direction A B. But if, now, one of the pieces be slowly 
turned round upon the other, the quantity of light trans- 
mitted to the eye ifill gradually diminish, and will en- 
tirely vanish when the crystals lie across each other, aa 
represented in the second figure. If it be turned further, 
the light again appears. 

By the first piece of crystal, in this experiment, the 
ordinary or common ray of light is separated into two 
rays polarized in planes at right angles to each other, 
one of which is absorbed by the substance, and the other 
transmitted, its plane of polarization corresponding with, 
or being parallel to, the axis of the crystal. When, there* 
fore, a second plate of tourmaline is presented, having its 
axis in a plane at right angles to the axis of the first, the 
ray refuses to pass it. 

419. Polarization of Light by Double Refraction^-- 
Long before any thing was known of the polarization of 
light, it was discovered that certain transparent sub- 

knatiD lo poBMi, »lih reguil Is a nj of Jighl 1nii*mlIt«['lhroai1i Ibem 1 To vhU 
bodlM dD« ihit properlT more pmnlcutarlr l»lom 1 !■ il poiHiHd bj oOttt bodlM 
tiKiIOKiintuUDit Wtil miha tvo T^ called I 
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Double Refraction. 



Stances possess the property of dividing a ray of light 
ti'dnsmitted through them into two parts, and causing 
small objects seen through them to appear double. This 
property belongs more particularly to crystalized bodies, 
as Iceland spar (crystalized carbonate of lime,) quartz, 
&c. ; but is also possessed by other bodies, as glass, in 
certain circumstances. 

Let A C B D F G H M be a crystal of 
Iceland spar, and R S a ray of light fall-* 
ing perpendicularly upon it at S ; as it 
passes through the crystal it will be 
divided into two parts, S O and S E, the 
part S O passing directly through it, as 
it would througn slass or water without 
refraction (360 ;) but the other, S E, be- 
ing bent considerably out of the origi- 
nsd direction. The ray, S O, is called 
the ordinary i and S E, the extraordinary 
ray. 

420. If a piece of white paper, with 
a dot upon it at O, is laid under the 
crystal, there will appear to be two dots, 
one at O and the other at E. If the 
crystal is gradually turned round on 
the paper, the dot, E, will appear to re- 
> .gnj / volve around O, keeping always on the 
/C:^::::^^ / ^ same side of it, with reference to the 

^^ — *H * axis of the crystal. A line drawn upon 

Doubu Refraawn. the paper in the direction G M, when 

observed through the crystal, will also 
appear double, a second line being seen 
passing through E, parallel to the first, which is supposed 
to pass through O. 

421. We have, in the above experiments, supposed the 
ray of light to be perpendicular to the crystal, and we 
find the ordinary passes directly through without refrac- 




QinsTTOH 420. If a erystal of Iceland spar Is laid apoa a pleee of white paper marked 
«riCta a dot, what will be the effect ? What will be the effect if the crystal i« tamed 
roand 1 what will be the result when a line is drawn upon the paper 7 421. If tlie 
rsy of Uffht la incident upon the crystal obllquelr. will double reiraetion still take 
plaeot 
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kdand Spar, 



tion, while the other, the extraordinary ray, is refracted 
If the ray of common light is made to strike the crystal 
obliquely, it will still be separated into two parts, as be- 
fore, and the ordinary ray will be refracted according to 
the law of refraction already described (360,) but the ex- 
traordinary will deviate entirely from it. 

When a double re- 
fracting crystal, as a 
crystal of Iceland spar 
an inch thick, is placed 
upon a printed page, 
every word under it 
will appear as if doub- 
led. The figure in the 
margin represents a 
crystal of this kind 
placed on paper upon 
• which the word OP- 
TICS is printed, which, seen through the crystal, appears 
doubled. The greater the thickness of the crystal, the 
further will the two images appear to be removed from 
each other. 

422. In every body capable of 
double refraction, there is at least 
one direction through which a ray 
of light will pass without suffering 
this change. This is called its opti- 
cal axis, or axis of double refraction. 
In Iceland spar, whose primary form 
is a rhomb (sometimes called a 
rhombohedron,) this axis is in the 
direction of a line which joins its two obtuse solid an- 
gles, A X. So this axis iii the preceding figures (Par. 
419,) would be a line drawn in the direction AH. 
A section made through the optical axis and two oppo- 
site edges of the crystal, as E D X, is called its principal 
section. 




Crystal 



Question 422. Does double reflection take place whaterer may be the direction of 
the ray through It 1 What is meant by the otaieal asit of a crystal ? In the crystals 
of IceUnd spar, in what direction is ths optical axis 1 What Is the principal metion 7 
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423. In crystals of many substances, there are two or 
even a greater number of axes of double refraction ; but 
tlie subject then becomes very complex. 

424. But this separation of the common ray of light 
by a double refracting crystal into two distinct rays, 
which take different courses through it, is not the only 
effect produced ; — ^if these two rays after their separation 
are examined, they will be both found to be polarized, 
with their planes of polarization at right angles to each 
other. This may be proved by testing the rays separately, 
by attempting to reflect them from a plate of glass, or 
by means of a tourmaline plate, as heretofore pointed 
out. 

425. We may, therefore, consider a ray of common 
light as made up of two separate rays which are polar- 
ized' in opposite planes ; that is, in planes which are at 
right angles to each other. The double refraction of 
light is, therefore, a species of decomposition (379,) by 
which it is separated into two distinct rays, which are 
not indeed of different colors, as in the case of its decom- 
position by means of the prism, but which, nevertheless, ' 
as we have seen, are entirely different in some of their 
properties. 

^6. When light is polarized by reflection, as above 
described (410,) the same decomposition takes place, 
though the results are a little different. When light is 
polarized by double refraction, both rays, after separation, 
pass onward in their course, though in directions a little 
different ; but when it is polarized by reflection, one only 
is reflected to the eye, while the other, as before remarked, 
passes through the plate of glass, and is absorbed by the 
black paint or other substance on the opposite side (416.) 
This is proved by using a plate of glass unpainted, and 
examining the ray which is transmitted by it. This ray 
is thus found to be polarized equally with the reflected 

.1 ; ■ III! I 1 1 I . .. » ij I I I. ■ I ■ ■ ■ ■ ■ . . .Ill 

QuxsTKV 423. U there ever more than pne vrip of double refraction ? 424. If the 
two ra/s are examined after passing the crystal, in what respects will they be found to 
differ nrom each other as it regardathetr planes of polarization 1 42& Of w hat may we 
eoDsider the common ray of light to consist 7 Is the double refraction of light a species 
of decomposition 1 426. Is the same decomposition produced when light Is polarized 
C7 reflection 1 When light is polarized by reflection, what beeomes of the part that is 
not rcflseted 1 Bow is this proved 1 

23* 
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ray, but in a plane at right angles to the plane of polari- 
zation of the reflected ray. 

427. Colors produced by Polarized Light. — By means 
of polarized light the most brilliant colors may be pro- 
duced of every variety of tint. 

To show these colors, let a thin film of mica or selenite 
be interposed between the plates M and P, in the figure, 
and while one of the plates is kept in its present position, 
let the other be turned around so as successively to 
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M MV^s. 



(Mora by Polarited LighL 

occupy, not only the several relative positions indicated 
in the figure, but also the intermediate positions. Let us 
suppose that the plate M remains fixed while P is made 
to revolve ; and let us suppose also thai the plate of nrica 
when interposed gives a brilliant red; then as the plate 
P is turned, the red faints, and at length disappears, and 
a faint green takes its place, which at length becomes very 
brilliant and then faints and disappears, and the red is 
again seen. All thl^ takes place twice in regular order at 
each entire revolution of the plate P. 

428. It is to be especially observed that the plate P is 
iBupposed to revolve, in this case, around a vertical axis, all 
t)ie time forming the same angle of incidence with the 
ray, xy. 

^Qvuxioir 437. How may colors be ahown 1^ polaitaad U|^f 438 What It mvponA 
fpxMpMttotlkopUteP^bithalMtazpnimaiitt 



429. The colors which the film of mica or selenits 
gives in any particular case depends upon its thickness, 
and the two colors which alternately appear and disap- 
Dcar will always be compJementary to each other, — that 
-s, the two together will produce white light. This is the 
case with red and green, for the white light of the sun, 
,as we have seen is made up of red, yellow, and 
blue, and as the two last mentioned produce green, it is 
plain that the red and green must produce white. They 
are, therefore, said to be complemantary to each other, as 
already explained. For the same reason orange and 
blue are said to be complementary. 

430. If instead of 
the plate P we use a 
prism of Iceland spar 
properly prepared, we 
shall see both of the 

greatest brilliancy one 
of them is made to 

overlap the other, 

Oavumtniafy <^'>'"*- white light will be 

produced, as shown 
in the figure. 

431. If the plate of mica is not every where of the same 
thickness, each part of varying thickness will have 
a tint peculiar to itself. By fixing small pieces of sele- 
nite of slightly different thicknesses in the proper order 
upon glass, beautiful pictures are produced of the most 
gorgeous colors, when seen by polarized light, though 
they are perfectly transparent to the naked eye. 

432. By interposing, instead of the mica or sclenite 
plate, a crystal of Iceland spar, (or any substance having 
a single optical axis,) cut and polished in such a manner 
that the polarized light shall be transmitted in the di- 
rection of^ this axis, a system of beautifully colored rings 

QoHTiDs 4S9. npdn vbu don Iba eolar yitldtd \>y the mica plalc drpind 1 430. 
pmr mi7 lotli afiba colon bt Ktn U Uit Hm* Ilin* 1 43l, W1»I nill be Ihe effect U 
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will be seen, with a 



cross through the centre, 
which will be either 
dark or light according 
to the relative positioa 
of the plates, M and P. 
To show these images 
in the best manner, the 
tourmaline plates are 
best adapted. The cut and polished crystal is to be 
placed between the tourmaline plates, as they are held 



m^ 



nmrmudim nila. 




up before a window ; and when they are in the position 
relative to each other first indicated, the light cross 
(figure A) with its system of rings will appear ; out when 
in the second position we shall have the system of rings 
with the dark cross (figure B.) 

433. The colors of one of these systems of rings will 
always be complementary to those of the other system. 



434. By the interference of light i? strictly meant cer 
tain theoretical explanations of some obscure facts which 
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Interferenet vf Light, m 



have been long known, but the phrase is now also often 
used to express the facts themselves. 

435. In order to show 
these facts in the best 
manner a very diverging 
ray of light is needed, 
which is obtained by ad- 
mitting the ray through 
a double convex lens, L 
S, of short focal distance, 
placed in the shutter of 
a window; the ray first 
converges to a point and 
then diverges, as shown 
in the figure. If we hold a screen, A B, now in front of 
this lens, we receive upon it a circle of light ; and this 
circle is larger the further we hold it from the window. 

436. If, now, at some distance from the lens 
and in front of the screen we hold some small 
opake object, as a small straight wire, m n, (sup- 
posed to be perpendicular to the paper,) it will 
cast a proper shadow upon the screen if they 
are very near together, but if they are sepa- 
rated a little distance, instead of a single shadow 
upon the screen, a number of them will ap- 
pear side by side, with light spaces between 
them, as represented in the annexed figure, A B. 

437. The only rational explanation of these 
facts which has been given is afforded by the undula- 
tory theory of light, which, as we have seen, supposes 
that all the phenomena of light are produced by undu- 
lations excited by luminous bodies in the universally 
diffused medium, the ether. Now, it is believed that twd 
systems of these waves or undulations may interfere 
with each other so as in some cases to increase, and in 
otiiers to destroy their mutual effect. 

Let A be a luminous body from which undulations are 
produced sustaining the relation to each other indicated 
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QuxsTiOM 435. Describe the experiment in this parsgraph 1 496. What, now, wil 
^ ths effect if a small wire Is interposed 1 437. Describe toe figure in this paragraph 
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Light Wavet, 



by the two waved lines 
proceeding from it; it 
will be seen that the 
waves in these lines coin- 
cide, and they therefore 
increase each other's ef- 
ects. But the waves from 
B are so situated that the 
motion in one series will 
be exactly in the opposite 
direction from those of 
the other, and both are 
ttien more or less completely neutralized. The rays are 
then said to interfere, and the phenomena observed in 
such a case to result from their mterference. 

438. This interference of the rays may be produced 
in several modes, and it is believed that it takes place in 
the case of the experiment described in paragraph 435. 

The light waves after 
coming into contact with 
the wire, m n, are propa- 
gated around it so as to 
meet again on the oppo- 
site side. Waves from 
opposite sides of the wire 
will meet at the middle 
point, X, because the dis- 
tances mic and nx are 
equal, and the waves here 
coincide; but the distances 
my and ny, or mz and nz, are not equal, and when 
they differ by an amount equal to |, l\, 2|, &;c.» 
times the length of a wave, they will interfere and 
destroy each other, as explained above, and darkness 
will be the result. On each side of the point,, a?, the 
same effect will be produced, and the phenomena are 
observed which are described in para^aph 436. 

The probability of this explanation is increased by the 




Jnteiferenee of JJghi. 



QvBffTxoN 438. How maj this interference be produced t 
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well-known fact that two sounds of nearly the same pitch, 
when produced together, have the efiect alternately to in- 
crease and then to destroy each othe^r, a phenomenon 
called by musicians, beats. Two organ pipes of nearly 
the same pitch answer well to perform the experiment. 

439. By modifying the experiment above given, fringes 
of all the colors of the rainbow are easily produced, but 
the experiment can not well be shown to a class. 



II. PHENOMENA OF VISION. 

440. The explanation of the structure of the eye, and 
the laws of vision, forms a most impoitant and intereisting 
branch of the science of optics. In the whole range of 
natural science there is not to be found a more beautiful 
and impressive instance of the wonderful skill and benev- 
olence of the Divine Architect, than in the formation of 
the eye, and its adaptation to the purposes for which it is 
designed. 

441. Structure oftlie Eye. — The human eye, except a 
small portion which projects in front, is of a very perfect 
spherical form, and is situated in a deep cavity in the 
Dones of the head, which is called its orbit. It is thus 
protected from mechanical injuries, to which it would 
otherwise be constantly liable. As it is situated, only a 
very small, or a pointed object, can reach it ; and but a 
small part of it is exposed to injury even from such ob- 
jects. Hence it is that so delicate an organ is preserved 
in perfect order, except the slight decay of age, during a 
long course of years, in the midst of the numerous acci- 
dents to which every one, during life, is exposed. 

442. The different parts of the eye which we shall no- 
lice are the thin coats, or membranes, which are called the 
sclerotic coat, (sometimes, also, called the sclerotica,) the 
choroid coat, and the retina ; the two humors, the aqueous 
and the vitreous ; the crystalline lens and the iris. 

QvBSTioN 440. What is said of the skill and benevolence of the Divine Architect, as 
Indicated ii* he formation of the eye, and its adaptation to the parposes designed ? 
441. What is the form of the human eye 1 Where w it situated 1 How is it protected 
from mechanical injury 1 442. What are some of the parts of the eye to be noUead 1 







The figure in the margis is a 
front view of the eye, and some 
of the adjacent parts. A A is 
a part of the sclerotic coat, 
usually called the white of the 
eye, Ijeing always of a beauti- 
ful white color ; 1 1 is the iris, bo 
called from the circumstance 
of its presenting so many dif- 
ferent shades of color, being in 
some persons black, in others 
blue or gray. In the centre of the iris is a small circular 
opening, called the pu^il, varying from one to two or 
three tenths of an inch m diameter, according to circum- 
Btaaces to be hereafter noticed. Through this small 
aperture all the light enters by which vision is produced. 
443. The next figure repre- 
sents a section of the left eye 
through the centre of the pu- 
pil, parallel to the opening of 
the eye-lids, the lower sido 
being supposed next to tho 
nose. A b A is the sclerotica ; 
_ __ _^ it is a strong and tough mem- 

brane, perfectly white, and to 
it are attached the several muscles by which the eye is 
moved in its socket, so as to enable the person to see ia 
different directions without turning the head. A A is the 
cornea, which is a perfectly transparent membrane cov- 
ering the front of the eye, and connecting with the scle- 
rotic coat all around, as at A A. It receives its name 
from its resemblance to transparent horn, (Latin comu.) 
Next inside of the sclerotica is the choroid coat, indicated 
by a darker line ; it is a delicate membrane, extending 
from the optic nerve, O, in the back part of the eye, to the 
iris, 1 1, in front, with which it is connected. On its in- 
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side It IS covered with a perfectly black substance, called 
the pigmentum nigrum, by which any reflection from the 
internal parts of the eye is prevented. It also serves to 
absorb any light which may find its way through the 
sclerotic coat, the two producing a perfectly darkened 
chamber within, into which light is admitted only through 
the pupil, as through a window. The third coat is the 
retina, R R R, which is merely an expansion of the optic 
nerve, O, and lines the whole of the back part of the cav- 
ity of the eye. Upon this coat a perfect image is always 
formed of every object seen by the eye ; and the produc- 
tion of this image is always accompanied by the sensation 
of sight, provided the optic nerve, which connects the eye 
with the brain, is in a healthy state. This nerve enters 
the eye in the back part, about one-tenth of an inch from 
the axis, on the inside, toward the nose. 

The crystalline lens, L, is a compact, transparent sub- 
stance in the form of a double-convex lens, but having 
one surface more convex tha^ the other ; in connection 
with the iris, 1 1, it divides the eye into two very unequal 
parts, called the anterior and posterior chambers. The 
anterior or frontal chamber is nlled with a limpid ^quor, 
like water, called the aqueous humor; and the dense 
vitreous humor fills the posterior chamber. 

An imaginary straight line, C D, drawn perpendicularly 
through the pupil, is called the axis of the eye. The dis- 
tance on this line from the cornea to the back part of the 
eye is generally a little less than an inch. 

In front of the whole eye is 
the conjunctiva, which is a trans- 
parent membrane designed to 
protect the eye from the entrance 
of dust and other matter between 
the eye and its socket. It con- 
sists merely of the common skin 
cbn^^crtJoT ^ of the eye-lids, A and B, above 

on the retina whenperfect vision takes place 1 Is the formation of the image upon the 
Iretina always attenoed bj the sensiuion of sight when the optic nerve is in a healthy 
*alate 1 Where does the optic nerve enter the eye 1 What is the form of the crystalline 
lens 1 What are meant by the anterior and poalerior chambert of the eye 1 What 
hamor fills the anterior cnamber 1 What fills the posterior chamber 1 What is the 
mmU of tbs eye 1 What is the conianetiva 1 What does it consist of 1 

24 
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and below the eye, which, after passing the edges of the 
lids, folds in a little distance, and is reflected over the 
surface of the cornea. Foreign matter, therefore, which 
enters around the eye can never find its way further than 
the fold of this membrane extends; but still it often 
causes great pain. 

444. Image formed by the Eye. — Let us now inquire 
concerning the effect of these different parts of the eye in 
producing vision. It is to be recollected that every point 
of a visible object (334) is constantly emitting rays of 
light in every direction ; and to see an object is to see 
the points of which its surface, presented toward the eye, 
is made up, arranged in their proper order (350.) Of the 
rays emitted from anv point only a small portion can 
enter the eye, so that the same point may be seen at the 

saipe time by 
many eyes sit- 
uated in the vi- 
cinity of each 
other, though 
not by means 
of the same 
rays. Let A B 
C be an object 
in front of an 
eye; of the rays emitted. from the point A, a small por- 
tion will enter the pupil, but all the rays in the vicinity 
which come in contact with the opake parts of the eve 
will be reflected or absorbed. The rays that enter the 
eye will form a cone, the base of which will be at the 
pupil, and the apex at the point from which they are 
emitted. When these rays enter the cornea, which is a 
more dense medium than the air, they will be made to 
converge ; and this efiect will be still further increased 
by their passing through the crystalline lens, so that they 
will be brought to a focus on the retina at a, producing 
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Imag€ formed in the Eye, 



QuBSTioN 444. What is it to see an object) Will all the rays from each point of an 
J*ifct enter the eye? What will the rays that enter the eye from any point fonat 
what effect is produced upon this cone of rays from any point where they enter Ibe 
•orneal What will be the effect when they pass the crystaUine lens? Where wUI 
mo Image of the point be formed 1 Will similar images of other points be formsd I 
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diere an image of the point A of the object from which 
they were emitted. From every other point of the 
object, ■ ajs B and C, cones of rays will proceed in like 
manner, producing at b and c, on the retina, correspond- 
ing images of theae points. The result of the whole will, 
therefore, be the production, on the retina in the back 
part of the eye, of an inverted image, a 6 c, of the object 
ABC (374.) 

Both the aqueous and the vitreous humors have some 
effect in bringing the rays to a focus on the retina for the 
production of the image, but the crystalline lens is the 
most important. The form of this, as we have seen, is 
double -con vex, the convexity being greatest on the side 
next to the vitreous -humor, while the aqutous humor lias 
the form of a meniscus, with its convex side presented to 
the rays, and the vitreous that of a concavo-convex 
lens (368.) 

445. We know, merely by an examination of the dif- 
ferent parts of the eye, that when an object is placed ia 
front of it, an image of it will be 

©formed on the retina in the back 
part ; but the same thing can be 
shown by direct expeviment. For 
this purpose, the eye of an ox or 
other animal which has been re- 
cently killed is taken, and the two 
outer coats carefully removed from 
the back part, so as to expose the 
linv* atUiAMM. semi- transparent retina. If, when 

thus prepared, it is held before a 
window, or other bright object, the inverted image, per- 
fectly distinct, will be seen formed upon the retina. At 
this membrane is semi-transparent, the image formed 
upon it is seen through it. The figure renresenle an eye 
of an ox prepared in this manner, and held before a win- 
dow, the inverted image of which is seen in the back part 
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446. linage upon the Retina exceedingly minute. — As 
the eye, though small, is capable of seeing distinctly, at a 
single view, the various objects of an extensive landscape, 
it is evident that the images must be painted on the retina 
with wonderful minuteness. It has been calculated that 
the image of a portion of the castle of Edinburgh, 500 
feet long and 90 feet in height, when seen at a certain 
distance, does not occupy on the retina more than the 
twelve hundred thousandth part of an inch, and yet its 
different parts will be distinctly visible. When a page 
of a large book is held before the eye, not only is each 
word and letter distinctly visible, but even the minute 
defects of the letters ; and yet the image of the whole 
upon the retina will not cover a space so large as the 
finger-nail ! It is not necessary to remark that no painter, 
however skillful with the pencil, can execute a picture 
like this. 

447. Adjustment of the Eye to see Objects at different 
Distances. — It is well known that the eye is capable of 
viewing objects distinctly at greatly different distances 
within certain limits. The least distance of distinct vision 
for most persons is about six inches, but all can see much 
further than this. But, in order that a distinct image of 
objects at different distances may be produced, it is abso- 
lutely necessary that the parts of the eye should undergo 
some change. If the parts of the eye were incapable of 
change, a distinct image would be formed on the retina 
only when objects were at a particular distance, but 
would be confused if the objects were brought nexirer or 
carried further off. To be satisfied of this, let a person 
hold a common burning-glass a few feet from a candle, in 
a dark room, as described above (375,) and at a certain 
distance on the opposite side of the glass, which can easily 
be found by trial, an inverted image of the candle will be 
formed on a sheet of paper or other substance held up as 
a screen to receive it. If the candle be now removed a 

QuBSTiON 446. What is said of the minuteness with which images of objects must be 
painted upon the retina 1 What illustration of this is given in the instance of a person 
viewing a portion of the castle of Edinburgh at a certain distance T What is said of the 
■pace occupied bv the image of the page of a boolc at which a person is looking 1 447 
u ^^^ ^^^ capable of seeing objects distinctly at ditffrent distances from iti What is 
the least distance of distinct vision for jnost persons ? Mast some change take place ia 
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iittle further from the glass, the image at once becomes 
in distinct, •4)ut is again perfectly formed if the screen is 
brought a little nearer j so if the candle is placed nearer 
to the glass than when in its first position, the image 
again becomes indistinct, a perfect image being produced 
only when the candle and paper are at certain relative 
distances from the glass. 

It is found that if the parts of the eye remain unchanged, 
the distance of the image from the crystalline lens, of ob- 
jects situated only about six inches (446) firom the eye, 
will be about ^th of the diameter of the eye more than 
if the objects are placed at the greatest distance of dis- 
tinct vision. But as the image, to produce distinct vis- 
ion, must always be thrown accurately upon the retina, 
to enable a person to see both near and distant objects, 
it is evident the parts of the eye must undergo some 
change ; and that this change does take place, every one 
will be satisfied by looking attentively for some seconds 
at a well'-illuminated distant object, and suddenlv turning 
bis eye upon the page of a book held in his hand. For a 
moment, after turning his eye upon the book, the print 
will appear more or less blurred, until the parts of the 
ey^ which have been adjusted for looking at the distant 
object, have time to put themselves in the proper order for 
seeing those that are near. 

448. There are three inodes by which the eye may ad- 
just itself for seeing objects at different distances — that is, 
so as to cause the image to be formed on the retina, 
though the distance of the object may vary— viz: 1. By 
a change in the convexity of the cornea and cr}'stalline 
lens ; or, 2. By a change in the distance of the crystalline 
lens from the retina; or, 3. By both combined. Thus, 
if the parts of the eye are adjusted for seeing near objects, 
to enable it to see clearly distant objects, it is necessary 
only that the cornea and crystalline lens i^ould be a little 

the parts of the e je when otgecte are viewed at diflbrent diataneea 1 If the parts of the 
eye were incapable of chance, what would be the resalt 1 Bj what simple experiment 
may a person satisfy himself of this 1 If an object is only six inches from the eye, how \, 
much farther from the crystalline lens will the image be formed than if it is situated at 
the greafest distance of distinct yisioni How may a person satisfy himself that the eye 
«r4ually undergoes a change when he looks from a near to a distant object, or the 
revfrrsf ? 448. What tliree modes are mentioned by which the eye may a^ust itself so 
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flattened, to prevent the rays from coming to a focus be- 
fore reaching the retina; or, that the crystalline lens 
should be moved forward a little further from the retina ; 
or, that both of these changes should take place together. 
Some writers have affirmed, without qualification, that 
these changes actually take place, but it is believed that no 
sufficient evidence of them has yet been produced ; and 
the mode by which the eye adjusts itself to see objects at 
different distances can not be considered as fully deter 
mined. 

449. Adjustment of the Eye to different Quantities of 
Light. — ^W hen a person steps suddenly from a room per- 
fectly dark into one well lighted, a painful sensation is 
produced in the eyes, and he is scarcely able to see, be- 
cause of the excess of light ; but in a short time the eye 
accommodates itself to the light, and the pain ceases. 
So, when a person goes at once from a well-lighted apart- 
ment into a dark room, or into the open air on a dark 
night, he is at first scarcely able to distinguish a single 
object, but by degrees he finds his vision becomes more 
distinct. This, it is well ascertained, is occasioned by 
the contraction and expansion of the iris, by which 
the diameter of the pupil is changed. When a person 
views a well-illuminated object, the diameter of the pupil 
is sparcely jVthofan inch, and but a small pencil of rays 
is admitted, which, if he steps into a room only partially 
lighted, will not be sufficient to produce distinct vision ; 
but the iris spontaneously dilates, and a larger pencil of 
rays is admitted, to enable him to see distinctly. After 
remaining a while where there is little light the pupil 
dilates to its utmost size, and if he now suddenly step 
into a well-lighted room, so much light enters the eye as 
to produce pain, but the gradual contraction of the pupil 
soon causes it to cease/ by diminishing the quantity 
of light that is admitted. Any one may witness this 
change in his own eyes by holding a small mirror in his 

aa to perceive objects at differanr distances? Has it been proved that these changes, or 
any of them, do actually take place ) 449. What is the effect upon the eyes when a 
person steps suddenly from a dark to a well*lighted apartment f What is the effect 
of goin^ at once from a room brilliantly illuminated into one tliat is dark, or into tbh 
open air in a dark night 1 How are these &cts explained 1 How may a person noti.:* 
tb-a change in his own eyes ? How may it be noticed in the eyes of a child 1 
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naiid, and so managing as to look suddenly from an ob- 
scure object to one that is well illuminated, or the reverse. 
The eyes of children are especially sensitive to li^ht, and 
by causing a child to look nrst at the window, wnen the 
sun shines, and then at some object in the room, or the 
reverse, the change in the size of the pupil will be beau- 
tifully exhibited. 

450. These changes in the eye take place spontane- 
ously, and are entirely beyond the control of the will. 

451. In some animals the pupil of the eye is susceptible 
of much greater change than in man, so that they can see 
equally well with him in the day-time, and much bettei 
in the night, when objects are but partially illuminated. 
This is the case with the horse ; and it is well known 
that he will find his way along in a dark night, when 
it would be absolutely impossible for a man to do it. 
This is also particularly observable in animals of the cat 
kind, which are adapted for searching for their prey in 
the night. Some animals,^as bats and certain species of 
owls, can not see well in the day-time, and therefore 
seldom appear abroad except at evening, when their visioi) 
becomes distinct; this is because their eyes being adapted 
for seeing clearly only at night, their pupils do not allow 
of sufficient contraction to enable them to see in the 
broad light of day. 

The pupil of the eye in man is always rounds but in 
some animals, as the horse, it is elongated in a horizontal 
direction, while in others, as the cat, it is elongated verti- 
cally. The eyes of fishes are always destitute of the 
aqueous humor, which, as they are designed to live in the 
water, would be useless; and the crystalline lens is 
spherical. This is rendered necessary by the fact that 
the rays of light pass from a- dense medium, water, into 
the eye ; for, if the crystalline lens was not more convex 
than in the eyes of land animals, the rays would not be 

QiTBSTioir 450. Have we the power of enlaifring or contraetins the papils of our ejes 
at pleasare 1 451. Are the uapils of the eyes of some animals susceptible of greater 
change in this respect than tnose of man 1 Can such animals see better in the night, 
when objects are but partially illuminated, than mani In what animals is this partic- 
ularly observable 1 Why can some animals see better in the twUight than in the broad 
ijght of day 1 What is the form of the pupil of the eya in man 1 k it of the same form 
in the eyaa of other animals 1 Why do the eyes of fishes have no aqueous humor 1 
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soon enough brought to a focus, so as to form an image 
upon the retina. 

452. It has been seen above (376) that when rays of 
light which are parallel, or nearly so, are transmitted 
through a double-convex lens of glass, they are not all 
brought to a focus at the same distance, but those trans- 
mitted near the edge come to a focus nearer to the lens 
than those which pass through near its centre. This is 
avoided in the eye by the increased density of the crys- 
talline lens near its centre, by which its refractive power 
in this part is increased. Besides this, the iris serves as 
a diaphragm, by which the rays too distant from the axis 
are excluded. The eye, therefore, is destitute of spheri- 
cal aberration. 

453. It has been seen, likewise (378,) that when light 
is refracted, the primary colors of which it is composed 
are separated more or less from each other ; so that when 
a pencil of rays is transmitted through a double-convex 
lens, the image formed will usually appear colored. But 
no such effect is produced by the eye, which sees all ob- 
jects of their natural color. In the small pencil of light 
admitted into the eye, only a slight dispersion of the 
colors can take place, and this, it is supposed, is corrected 
by the different dispersive powers (384) of the different 
parts of the eye. 

By a particular experiment the colors of the spectnim 
may be seen, the light being decomposed by the eye. 
Let a person hold some opake object with a straight edge, 
as a book, between his eye and the window, parallel with 
one of the cross-pieces of the sash, so as to see only a 
narrow line of light, and a very small prismatic spectrum 
will be formed, containing, according to Brewster, all the 
different colors. 

454. Causes of Indistinct Vision. — As distinct vision is 
produced only when the light from objects is brought to 

What is the form of the cryetalline lens in their eyes 1 452. Will all the rays of a pencil 
of light, transmitted through a doahle cony ex lens of glass, he brought to a focus at the 
same point 1 How is this avoided in the eye ? What purpose does the iris serve in 
producing the same result ? "453. Why are not the differently colored rays separated 
by the parts of the eye in the same manner as when refracted by other media f How 
may it be shown that in some cases the several colors are separated by the parts of the 
•ye 1 454. In what two respects mentioned may the eyes of persons be defectire • 
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a focus e^ractly- on the retina, the eyes of persons may be 
defective by having too great refractive power, so as to 
cause the images to be formed, not on the retina, but a 
little in front of it; or by having too little refractive 
power, in which case the light is not brought to a focus 
soon enough, but tends to form the image at a distance 
behind the retina. 

455. Near Sightedness. — The first defect is frequently 
seen in young persons, and is occasioned by too great a 
convexity of the cornea or crystalline lens. Such per- 
sons can see clearly only those objects which are very 
near them, and are thereiore said to be near-sighted. To 
enable them to see distant objects, it is necessary to make 
the rays diverge a little before entering the eye, by which 
means the image will be thrown back a little to the retina. 
This is accomplished by the use of spectacles with con- 

. cave glasses, the 
effect of which is 
to separate the 
rays. The figure 
represents an eye 
of this kind; A, 
a small object in 

jvter sighudfuu, front of it, and M 

N a double-con- 
cave lens to disperse (373) the light before entering the 
eye. The dotted lines show the direction the rays would 
take if the lens was not interposed. It will be seen they 
intersect each other before reaching the retina, and at this 
point, but for the effect of the lens, the image would be 
formed; but by means of the lens to separate them a 
little, before entering the eye, the image, a, is not formed 
unti. they reach the retina. Persons are sometimes met 
with, one of whose eyes is more convex than the other, 
which is a defect that requires the use of spectacles 
having one lens more concave than the other. 




When the refractive power is too great, where it the image formed 1 Where when the 
refractive power is too small ) 456. In whom is the first aefect'frequently seen ? How 
Is it occasioned 1 What objects onir are seen clearly by such persons 1 What is nece3* 
sary to enable them to see clearly 1 How is this accomplished 1 When one eye of • 
persun is more convex than the other, how is the defect remedied 1 
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456. Near-sighted persons, who can see distant objects 
only by the use of concave glasses, never can have so 
large a field of view as is afforded by the unaided, perfect 
eve ; their glasses enable them to see clearly only those 
objects which are situated in a small circle directly before 
them. 

457. Indistinctness of Vision in Aged Persons. — ^Most 
persons, on attaining the age of about forty-five, find 
their vision becomes indistinct from causes directly the 
reverse of those described above, in the case of near-sight- 
edness. The change is most likely to be first observed 
when they attempt to read very fine print, or to examine 
some minute object by candle-light. Though unable to 
see clearly when the object is held at the usual distance 
from the eye, they soon find that when it is removed a 
little further off, the distinctness is improved. By this 
test persons may always know when this change is Degin- 
ning to take place in their eyes. 

458. This indistinctness of vision in aged persons is 
occasioned by the flattening which takes place in thie 
cornea and crystalline lens. The li^ht which enters the 
eye from near objects is not brought to a focus soon 
enough, but tends to form the image a little beyond the 
retina. This defect is remedied by the use of convex 
glasses, by which a slight convergency is given to the 
rays before they enter the eye. Let A B be an eye, 

the parts of 
which have 
become thus 
flattened by 
age ; *0 a 
small object 
placed be- 
fore it, and 
M N a dou- 
ble - convex 




OlaueM/or Aged Pemma, 



QuBSTioN 456. Can near-eighted persons have as large a field of Tlew as others 1 
467. A/ what age does the ▼ision or most persons become indistinct from canses the 
reverse of those described above Y When is the change likelv to be first observed hj 
them. How is their vision affected by moving the object a little further from th« eye 1 
458. Bv what is this indistinctness of vision occasioned 1 Where is the tendency to 
ixm the image 1 Row is this defect remedied ? Can a distinct image be formed with 
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lens. The rays of light diverge from the object, O, and, 
after being slightly bent inward by the lens, enter the 
©ye> by which they are brought to a focus so as to form 
the image upon the retina, as shown by the dark lines. 
The dotted lines, as before, are designed to show the 
couise the rays would take if the glass were removed. 
It will be seen that without the lens no image, or only an 
indistinct one, can be formed upon the retma, the focus 
being then at a distance beyond it. 

459. In most cases, persons whose eyes have become 
thus flattened by age can distinguish distant objects with 
as much clearness as in youth ; or it is only in extreme 
old age, when the eyes have become much flattened, that 
glasses are required for this purpose. This is because 
the rays from distant objects are less diverging, or nearly 
parallel when reaching the eye, so that the convexity of 
the parts of the eye is still sufficient to bring them to a 
focus at the proper point. Instances have been known in 
which persons whose vision has been long indistinct, in 
consequence of the flattening of their eyes, have, in ex- 
treme old age, recovered their sight, and been able to 
read even the smallest print without the use of specta- 
cles ; but, generally, the defect continues to increase with 
age, as long as the person lives. 

Of course, spectacles that answer well at one age be- 
come afterward useless, and require to be changed for 
others that are more convex. Glasses that thus become 
useless are sometimes said to be too young for the person ; 
and if he can see with them at all, it is onl^ by holding 
the -object at a considerable distance from him, as is the 
case with a person (457) who has just arrived at the age 
when his natural vision begins to become indistinct. 

460. Though spectacles are now found so important 
for aged persons, and are universally used, it is scarcely 
six hundred years since they were invented. We know 
from many passages of scripture which speak of the eye's 
becoming dim by age, as well as from profane history, 

out the lens? 459. Can aged perions usaally eee distant objects elearbr 1 How is this 
explained 1 Will spectacles tnat answer weU for a person at one ase afterward become 
tedeMi What is the explanation 1 460. How long have speclaclca been ured 1 Did 
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that the eyes of persons in ancient times suffered the 
same change by age as they do now ; but we haVe no 
reason to suppose that they possessed any remedy for the 
defect. With what regret, therefore, must the ancients 
have observed the first appearance of this change in their 
eyes, which, in a few years, must render them compara- 
tively useless, during the remainder of their days, for 
many of the most important purposes of life ! 

461. The Visual Angle. — The visual angle of a body is 
the angle made by two lines drawn firom its extremities to , 

theeye. Thus let A B be 
an object placed before 
an eye, B; the angle 
made at E by the two 
lines, A E and B E, is 
the visual angle. 

The magnitude of 
this angle for any object, it will be seen, depends upon its 
distance from the eye; for if the object is removed further 
off, as to A' B', the two lines drawn from its extremities 
to the eye approach nearer to each other, or, in other 
words, do not make so great an angle with each other as 
when situated at A B. So if it was placed nearer to the 
eye the angle would be larger, as will readily be seen. 

462. Apparent Magnitude of Objects. — It is upon the 
size of the visual angle that the apparent magnitude of an 
object seen by the eye depends. As the rays of light 
from an object cross each other before reaching the 
retina, it is evident that the size of the image must always 
be in exact proportion to the magnitude of this angle ; 
hence, when an object is situated at a distance, it must 
always appear smaller than when placed near the ob- 
server. This we well know to be the case. For this 

, reason parallel lines seem to the eye to approach each 
other as they recede. Everyone has observed this when 
looking at the rails upon a railroad, or at the rows of trees 
on the opposite sides of a straight turnpike. At a dis- 

the ancients possess any remedr for this defect of Tision Y 461. What is the angle cf 
viHon of a body ? Upon what does the magnitude of this angle for any body depood 1 
468. Upon what does the apparent magnitude of a body depend ? How do Darallel 
lines that recede from the eye appear 1 What example, toat is frequently seen, Is men- 
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tance they seem much nearer together than in our imme- 
diate vicinity. 

As we judge of the magnitude of a distant object by 
the magnitude of the visual angle, which, as we have 
seen, depends upon the distance of the object, it is plain 
that, before determining the size of the object, we must 
form some opinion of its distance. 

Oftentimes we are aided in making our estimate of the 
magnitude of distant objects by otner objects in their 
vicinity, the size of which is known ; but if a body is en- 
tirely alone, and we have no means of determining its 
distance, we can form no correct estimate of its magni- 
tude. A person lying upon his back in the open air per- 
ceives a fly passing before him, only a few feet from his 
eye, but for a moment he takes it to be a large bird hi^h 
in the air, until some of its motions, or some other cir- 
cumstance, reveals its true character. As soon as this is 
known he judges correctly of the distance, but before any 
circumstance occurred to indicate the real character of 
the object, or its distance, he was utterly unable, by the 
mere formation of the image on the retina, to determine 
either. 

463. When an object is brought nearer to the eye than 
the least distance of distinct vision (447,) it becomes con- 
fused, because the eye is then unable to bring the rays to 
a focus on the retina ; on the other hand, if it is carried 
so far from the eye as to diminish the angle of vision be^ 
yond a certain limit, it becomes invisible, the image bein^ 
too small to produce the sensation of sight. 

464. The eye always perceives an ooject in the direo« 
tion from which the light from the object came on enter- 
ing it, without reference to any change of direction it 
may previously have undergone, either by reflection or 
refraction ; hence the image of an object seen in a plain 
mirror appears to be behind it. This is true, not only of 

tioned 7 Do we, in jadgiDg of the mafnittude of a body, fint judge of its diftBiiee 1 How 
are we oftentimee aided in forming our estimate of a distant object ? Why will a per- 
aon looking upward in the open air often mistake a fly moving near him for a large 
bird at a . distance 1 ^3. Why is aa object not seen clearly when brought nearer tha& 
the least distance of distinct Tuion 1 May an object be removed so iar from the eye as 
lo become inrisible Y 464. What is the direction in which an object always spears to 
Um eye Y Is this true, also, of all the parts of an olgect I 

25 



»9B 



NATURAL PHILOSOPflT. 




finage Invertid. 



an object considered as a whole, but also of all its parts. 
Suppose three small objects, ABC, placed one above 

another before 
an eye, £, so 
that all can be 
seen at the same 
time ; the posi- 
tion of each is 
clearly seen by 
the direction in 
which the light 
comes to the 
eye. A is seen uppermost ; then B a little below it ; then 
C ; though their images upon the retina, a b c, are in the 
reverse order, a being lowest, then 6 above it, then c. 

465. Keeping these facts in view, we shall have no 
difficulty, it is believed, in deciding the question which 
has been so often discussed, why we see objects erect 
when their images are formed inverted on the retina ? 

For suppose 
the objects, in- 
stead of being 
separated, are 
united in one, 
as A B. The 
part A, it is 
evident, must 
be seen above 
B, because of the direction in which the light comes from 
it, as really as if it were a separate object ; and, for the 
same reason, the part B must be seen below A, though 
at the same time the image, b, of the part B is above a, 
the image of the part A. The same might, of course, be 
said of all the other points in the object, A B. 

It appears, then, tnat if the eye always sees objects, 
and, of course, the different parts of objects, in the direc- 
tion from whiph the light was coming from them to the 
eye at the time of entering it, the appearance of the ob- 




Object aeen Erect. 
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ject in an erect position is a necessary consequence of 
the inverted position of the image upon the retina, and 
that, if the image upon the retina was erect, to the eye 
the object must necessarily appear inverted. 

466. To make this still plainer, let the central straight 
line in the last figure, be the axis of the eye ; then consider- 
ing A and B separate objects if a were not below the axis, 
the object A would not be above it, and if 6 were not above 
it, the object B could not be below it; or, supposing the two 
objects, A and B, united together, and a b, the images of its 
parts, if the image were not formed in an inverted posi- 
tion on the retina, the eye could not see the object erect. 
That the eye should see objects erect when the image is 
formed on the retina inverted, therefore, so far from being 
wonderful or mysterious, is only a necessary result from 
the well-determined fact that every object, or the parts 
of an object, will always appear to be in the direction 
from which the light comes to the eye. If the light from 
an object, as before stated, or any part of an object, is 
bent out of its course during its passage to the eye, then 
the object, or part of it, from which the ray was emitted, 
will appear to be situated in the direction from which 

the light was coming as it en- 
tered the eye. 

467. Another circumstance 
which has occasioned much dis- 
cussion is the well-known fact 
that, though in persons whose 
sight is perfect there must always 
be two images formed, one on 
the retina of each eye, yet only 
a single object is seen. But it is 
believed this results entirely from 
the circumstance that when a 
person looks at an object he 
NearOijtet, directs the axes of both eyes 




QtrssTTON 467. It tbere alwajt an imtfe of the object formed In each eye 1 Why, 
Chen, does not the olgect appear doable T How-are the axec of the ey^a directed when 
iookinf at an object 1 What will be the effect if the azaa of both eyes are not directid 
preelaeiy to th« object t How may this be ahown 1 
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toward it. Thus, when a person looks at a near ob- 
ject, as represented in the figure, both eyes are turned 
inward, so that their axes produced would meet in the 
object, O. When he looks at a more distant object they 
will be less turned inward, as in the next figure ; and 
when the object is very distant, the axes of the eyes will 
be nearly parallel. As each e^e, then, sees the object in 
the direction from which the light comes to it, it will ap- 
pear to both in the same position, or, which is the same 

* things but one 

object will be 
perceived. If, by 
any means, the 
axes of both eyes 
do not point pre- 
cisely to the ob- 
ject, it will then 
appear double. 
This may be ea- 
sily shown by 
looking at a win- 
dow, and press- 
ing gently with 
the finger aga,inst 
the lower side of one of the eyes, by which its axis will 
be turned a little upward ; the horizontal bars will then 
all appear double : but if he presses against the ri^ht or 
left side of one of his eyes, the upright bars will be 
doubled. 

468. Persons addicted to squinting, in which one or 
both of the eyes are turned out of their natural position, 
always see objects double, but by long experience they 
acquire the habit of attending to the sensation of only 
one eye at a time. 

469. The Puncium Cmcum. — The optic nerve, as we 
have seen, enters the eye at a point about yV^^ ^^ ^^ ^^^ch 
from the axis, on the side toward the nose ; at tliis point 
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- Aere is a space of some extent, sometimes called the 

fmnctum cacum, that is quite insensible to the action of 
ight. To determine this, let a person place three small 
wafers about three inches apart on a sheet of white paper 
before him, and then shutting the left eye, let him hold 
his head within six or eight inches of the paper, just so 
that he can, with his right eye, see all the wafers. Then, 
keeping his left eye closed, let him look attentively at the 
wafer at the left hand, and gradually remove his head 
from the paper. to the distance of twelve or fourteen 
inches, and the middle wafer will entirely disappear, 
while the two at the outside are- clearly seen. 

470. Duration of Impressions in the Eye. — Impressions 
made on the retina continue for a certain time, and there- 
fore a person does not lose sight of an object by winking. 
If a red-hot iron, or a piece of burning charcoal, is maoe 
to revolve ten times a second, the eye will perceive a 
continuous circle of fire, which could not take place 
unless the impression on the retina remained a tenth of 
a second. Some writers affirm that it remains about one* 
geventh of a second. 

Taking advantage of this property of the eye, the toy 
called the thaumatrope has been constructed. It consists 
of a circular piece cut out of a card, with two threads 
fixed to it on opposite edges, by twisting which between 
the thumb and finger it may be made to revolve with 
some rapidity. On the opposite sides of the card two ob- 
jects, having some relation to each other, are painted in 
the proper position, so that when the card is twirled 
round they appear connected, both objects, thotigh on 
opposite sides of the card, being seen at the same time. 
Let A B be one side of a circular card, with a cage 
painted upon it, and C D the other side, with the figure 
of a bird upon it. Now, when the card is twirled 
round, as supposed, the bird will appear as if quietly 
peiched in the cage, both figures being seen with equal 

IDA} the exiiteoce of sach an insensible point be proved 1 470. Do impvessions pro* 
dooed on the retina remain for a time 1 If a piece of red-hot iron or boming cliarcoal 
to made to reyolTe ten times a second, what will be the appearance to the eye 1 What 
lenfth of time, then, must the impresrion remain on the retina 1 What does the thaU' 
mairop9 eonsiet of 1 How Is it used I Do we see both sides of the card at the sama 
lima) 
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distinctness. Sometimes 
a horse is painted on one 
side of the card and the 
rider upon the other, who, 
by the motion of the card, 
is made to appear seated 
properly upon his steed. 
This is occasioned by 
the permanence, for a time, of the sensation upon the 
retina ; an image of the object upon one side of the card 
i3 first formed, and remains until the card is brought 
around so as to bring the figure upon the other side in 
view. The consequence is, as above stated, that both 
figures are really seen at the same time. 

Any person unaccustomed to drawing, may easily pre- 
pare an apparatus of the kind by procuring pieces of 
paper with the necessary pictures, and pasting them in 
proper position on the opposite sides of the circular piece 
of card. 

471. Persons are occasionally met with whose eyes 
appear to be insensible to particular colors, while they 
can distinguish all others with certainty, and their sight 
is, in other respects, perfect. In the cases which occur 
most frequently the individual confounds red with green, 
not only mistaking one for. the other when presented .to 
him alone, but even being unable to distinguish one from 
the other when presented to him together, considering 
them " a good match." 

A tailor has been known to repair an article of dress, 
the color of which was black, with crimson, not noticing 
the difference ; and an ofiicer in the navy once purchased 
a blue uniform coat and vest, with red breeches to match. 

472. If a slip of white paper half an inch wide is held 
about a foot from the eye, and the -attention directed to 
some object beyond on the opposite side of the room, 
after a few trials it will appear double. If, now, a can- 
dle is brought very near to one eye, so as not to shine 
upon the other, the slip of paper appearing on the side 



QvsftTioir 471. What \b Mdd of the eyei of certain persona in reapeot to certain colors f 
In the eaaee which occur moat frequently, what colori are mistatcefi (or each othar 1 
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next to the light will seem to be of a yellowish red, while 
that on the other side will be of a pale green. If the slip 
of paper is made so wide that one image overlaps the 
other, one side will appear red and the other green, but 
the overlapping part will be white. 

It will be observed that the two colors which are seen 
are complementary (429) to each other, but no full expla- 
nation of the phenomenon has yet been given. . 

473. The eyes of most of the larger land animals are 
similar to those of man, but they are often more or less 
modified, to adapt them better to their particular modes oi 
life. Several of these peculiarities in the eyes of animals 
have already been alluded to (451.) 

474. The eyes of insects are generally compound ; 
that is, each eye is composed of many separate eyes, sit- 
uated side by side. This is the case with the eye of the 
common house-fly, the beetle, butterfly, and the dragon- 
fly. ^ This appears to be desired to compensate for the 
want of motion in the eye, which, in such cases, is always 
fixed. They are thus enabled to see in difierent direc- 
tions at the same time. 

The eye of the butterfly, when examined by the mi- 
croscope, is found to be divided into an immense number 
of little squares, by a firm partition, in each of which is a 
perfect eye. In the yellow beetle these little cells are 
six-sided, like the cells of a honey-comb, but much 
smaller. ' 

The eyes of insects being so small, they can, no doubt, 
perceive much smaller objects than man is capable of 
seeing, but at the same time their vision can not extend 
so far* 



OPTICAL INSTKUMINTS. 

Several optical instruments have already been in part 
described, as the difierent kinds of mirrors and lenses ; 

Qurif TioM 473. Ar« the eyet of most land animali iliiiilar to thoM of man 1 474. Of 
what are the ejeaof mogt iniecta composed 1 For what does this appear designed to 
eompensatel What is the appearance of the eye of the butterfly when ezaininedby 
a microscope Y 
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' But othrrs of great importance, mostly formed of combi- 
nations of these, remain to be noticed. 

475. Photometers. — An instrument designed to deter* 
mine the relative intensities of different lights is called a 
photometer ; several of which have been invented, but no 
one of them has come into general use. There seems, 
indeed, to be no better method to determine the relative 
intensities of two or more lights than that proposed by 
Count Romford. Let us suppot>£ that we are to compare 
theintensitiesofthelightfrom twolamps. Thejare tobe 
taken into a room from which all other light is excluded, 
and placed in front of a white screen ; some opake object 
is then to be held between them and the screen, so that 
the shadows formed by the two lamps may fall side by 
side upon the screen. If the two shaidows are not now 
of equal intensity, one or the other of the lamps is to be 
moved backward or forward until they are made as 
nearly equal as possible, and then the distance of each 
lamp from the screen is to be measured. The intensities 
of the two lights will be to each aa the squares of these 
distances. Suppose, for instance, that when the shadows 
formed by the two lights are equal, the distance of the 
first from the screen is 3 feet and that of the second 4 
feet; their comparative intensities will then be as 9 to 16. 
476. The Kaleidoscope. — 
The kaleidoscope is an in- 
strument for creating and 
exhibiting beautiful forms. 
It is formed by placing two 
pieces of painted glass to- 
gether in such a manner 
mat the angle between 
them shall be an aliquot 
part of a whole circumference, or 360 degrees, and in- 
Closing,them in a case so as to exclude all light except 
that ftom the proper direction. Let A and B be two 
plates of glass 8 inches long and 3 inches wide, painted 

ani*noii47E. WtuiltOuim]iB<iTtb*pMttiitUrt Whit I* tta« metbod propoMd 
br^unt Rnmibn] tar (tturmlnlnf ibt rclulr* Inttotf Um of ma ar nan Hibbl 41%. 
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black on the outside, and plac^ed as in the figure, making 
the angle, C, between them, 60°, or just one-sixth of 360°. 
If the eye be now placed at E, so as to look through be- 
tween the plates, bv the various reflections of the plates 
from side to side, tne angle or sector C, will appear to be 
multiplied five times, producing the circle of six sectors, 
C, C 1, C 2, C 3, C 4, C 5; If any small object, as a piece 
of painted glass, is placed in the sector C, it will, of 
course, appear in each of the other sectors, C 1, C 2, C 3, 
&c., forming a symmetrical figure around the centre. 
The plates are usually inclosed in a cylindrical case, and 
several pieces of glass of diflferent colors are placed in C ; 
these, by turning the instrument, are constantly changing 
their position, forming around the centre of the circle an 
endless variety of beautiful figures. 

477. TTie Camera Obscura.-^-The camera obscura is an 
instrument for forming images of objects, as of a land- 
scape, on a screen of paper or other substance within it.' 
The name means simply darkened chamber, and is applied 
to the instrument because this is a necessary part of it ; 
but, as we shall hereafter see, it may be a large room to 
contain a number of persons, or very small, so as only to 
receive the screen on which the image is formed, the ob- 
server being obliged to look in through a small aperture. 

478. The simplest camera obscura that can be formed 
consists merely of a small aperture in the window-shut- 
ter of a darkened room, before which a screen of white 
paper is to be held. Rays of light received through a 
small aperture upon a screen tend to form an image of 
the object from which they proceed, and not an image of 
the form of the aperture, as might be supposed. Thus, if 
the light of the sun be admitted into a room otherwise 
dark, through a small hole in the shutter, a round image 
of the sun will be produced upon a screen, held at a little 
distance from the hole, whatever may be its form. If the 
'screen is held too near the hole, however, this will not 
<take place, but a luminous spot will be seen of the general 

QmifTXOM 477. What is the camera obscura? What Is the meaning of the namel 
478. Of what does the simplest camera obscura consist 1 Will rays of liffht pass* 
iag through a small aperture form an image of the obiect from which tneyjpro* 
•eed 1 WlU this be the ease whatever may bi the form of the aperture itself 1 Whae 
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form of the aperture, with its angles more or less rounded, 
depending upon its size and the distance the screen is 
held from it. The rounding of the angles is evidently to 
be considered as an approximation to tne form of the sun. 
To try this experiment, let a large hole be made in the 
wooden shutter of a room, and covered with a sheet of 
lead, in which smaller apertures may be cut at pleasure, . 
of any form desired. If a mere slit is made in the lead, 
when the screen is held near it an elongated image of the 
sun will be formed ; which, however, becomes more 
nearly circular as the screen is carried further off, until, 
at length, a perfectly circular image is produced. If the 
aperture is square or triangular, or whatever its form, the 
same result will be obtained. 

If a number of small pin-holes be made, each will give 
a distinct image of the sun if the screen is held near them, 
but as it is moved further off they will increase in size 
and overlap each other until they combine to produce a 
single large and well-defined image, just as if the whole 
space o'f the shutter in which they are contained had 
been removed, except that it is less brilliant. If a circu- 
lar aperture is made, and one or more lines drawn across 
it, when the screen is held beyond a certain distance no 
shadow of the lines will be seen, but as perfect an image 
of the sun as if they had not been tl^ere. 

479. To understand clearly the reason 
of this, it is to be observed that the sun 
presents toward us a disc or surface of a 
certain extent, from each point of which 
rays are emitted, so that pencils of them 
enter even small apertures, slightly di- 
verging, and crossing each other. Now 
a large aperture, as one a quarter of an 
inch square, may be considered as made up of a multi- 
tude of small ones, all united together ; and as each of 
these small apertures would produce an image of the sun, 

will be the effect if the screen is held too near the aperture t How mav the experiment 
be tried 1 If a number of small pin-holes be made In the shutter, will the light from the 
sun still form an ima^e of the sun upon a screen within 1 Must the screen be held •*. \ 
distance from the aperture 1 479. l)o the rays from the sun cross each other In passiiur 
through »n aperture 1 May a large aperture be considered as made up of man/ smtJj 
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the large image may be supposed to be composed of a 
multitude of small images, all blended together. Thus, 
if we form a small square, A B C D, and from points in 
its sides draw several small circles, it will be seen that 
the outline of the whole very nearly approximates the 
form of the circle ; and the deviation from the circular 
form becomes less and less in proportion as the diameter 
of the small circles is increased. Now, as has just been 
stated, any aperture, whatever may be its form, may of 
course be considered as made up of many small aper- 
tures ; and the result should therefore be the same, viz», 
the production of a circular image of the sun. 

Ii these experiments are made during an eclipse of the 
sun, the images will always be of the same form as the 
disc of the sun toward us. 

480. But the ima- 
ges of other objects 
may be formed by 
transmitting light 
through small aper- 
tures mto a darkened 
room, as well as that 
of the sun. Thus, 
let B be a bird stand- 
ing upon a branch of 
a tree at a little dis- 
tance from the win- 
dow-shutter, S, of a 
darkened room; if the light' is admitted only through a 
small hole in the shutter, and a sheet of paper is neld 
near it, a beautiful inverted image of the bird. A, will be 
formed upon it. If the aperture is made too large the 
imaffe will still appear, but it will be confused ; and if too 
small, it will be mdistinct for want of light. 

481. But a much better image will be formed by plac- 
ing in the aperture a small double-convex lens ; the aper- 
ture may thus be made much larger, and therefore a 

ODCt 1 What will be the reenit If the experiment ii made daring an eelipse of the annl 
4B0i May the imagea of other objecta be formed in the aame manner aathoae of the aun 1 
What wlU be the effect if the aperture ia made too lane 1 481. What will be the efltet It 
• doable conTez lena la placed in the apertural Whj will the image be more brtt> 
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greater quantity of light will be admitted, by which th« 
brilliancy of the imaee will be greatly increased. If the 
sheet of paper used Tor a screen is oiled before using it, 
so as to make it translucent (393,) the image will be seen 
with nearly equal distinctness on both sides at the same 
time, and the experiment may be conveniently shown to 
a large audience in the room. Sometimes the lens b 
fitted into a hollow ball, which is 90 adjusted in the shut- 
ter as to allow of being turned in different directions, 
and thus different portions of the landscape in front may 
be successively exhibited. Persona standing in front of it 
will have their images painted so distinctly on the screen 
within the room that they can be easily recognized. 
Such a piece of apparatus is called a scioptic ball. 

482. The common portable ca> 
mera obscura is constructed essen- 
tially on the same principle as the 
above, but is adapted for tracing on 
paper -the outlines of landscapes 
and other objects, in front of which 
it may be placed. It is usually 
made of a square box, A B C D, in 
the top of which is fitted a tube con- 
taining a lens and a plane mirror, 
M, inclined so as to reflect the light 
^ ^ from an adjacent landscape directly ■ 

Camera OftKuro. through the lens to the bottom of 

the box, as indicated by the dotted 
lines. Having placed the instrument upon a table before 
the landscape or building, the form of which is to be 
traced, and adjusted the parts in a proper manner, a well- 
defined image is formed upon the paper on the bottom of 
the box. In the side A C is a laige opening, through 
which the person has access to his paper, and all extra- 
neous light is excluded by means of a black curtain, L, 
which is drawn over him. The person stands, as will be 

Ilut1 WhiLli the ippareluioHcdwlieii the leDiiiStlfdlp I hollow Unudplicrd 
lathe ihuIKr.iDHlD btopable of btlng iutqhI in differrat dinctloni; 4ffi. FM 
•rhulilheconiinoii parubla omen otKcan uUptHl 1 Where ii Ibt utpnr ta balsld 
on wUetrili* Ubm' ofllieoljjMilaio be tn»d1 Yat wtut piupoMla ibn-ei Iwfs 
ai'wiliii In Ht lida eTili* boil Has ti Ih* llfht ucladHll Wbjr ii i mtntrBt 
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■een, with his back toward the object, and traces it ac- 
curately at his leisure, by means of the image on the 
paper before him. To diminish spherical aberration 
(376,) instead of a double-convex lens, a meniscus is often 
used, as represented in the figure. The tube containing 
the lens is made moveable, in order to adjust the lens to 
the proper distance from the paper, which will depend 
upon the distance of the object from the mirror. 

An improved form of this instrument is 
now made, in which a single piece of glass 
is substituted for the mirror and lens. Its 
general form is triangular, as A B C in the 
ngure, but the side A B is made convex, 
and the side B C concave. The light enters 
on the side A B, and is totally reflected - 
from the internal surface A C, and passes 
out at B C, forming an image below as before. 

483. The Camera Lucu 
da, — The camera lucida is 
an instrument used for the 
same purpose as the ca- 
mera obscura ; that is, for 
making drawings of land- 
scapes, buildings, and other 
objects. It is made with a 
Camera Lucida, single glass of the form A 

B G D, having all its sur- 
faces carefully polished. If an object, as M N, is placed 
before it, so that the rays mav enter the lower part of the 
side A D perpendicularly, they will be totally reflected 
from the internal surface, D C^ to C B, and from that to 
the eye at E, causing the object to appear as if situated 
at m n. If, now, the eye is placed near the 'angle B, so 
that one half of the pupil may receive the light directly 
from the paper on the table at m n, the outline of the ob- 
ject may be traced upon it with a pencil. The effect 
of the instrument, therefore, is to bring the reflected im- 
* I age of the object upon the paper on which it is to be 

med inatead of a doable-conTex lenil What kind of a g^tas fa uaed In the improred 
mpparatoa illnatrated in the fignre In paragraph 4821 4B3. For what pnrpoae la the 
Jtfdtfattaadl What ia the effect of thia inatrument 1 
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traced. The glass is usually inclosed in a socket of bren, 
except those parts through which the lif^t is to pass, and 
supported by a rod, with a clamp and screw, to attach it 
firmly to the side of a table. 

484. The Magic Laniem. 
— This is, to a considera- 
ble exteut, the reverse of 
the camera obscura. Bjr 
the camera obscura a di- 
minished image of a land- 
scape or other object is 
formed on a screen within, 
but by means of the ma^c _ 
lantern a magnified image 
of a small object is formed 
on a screen without The 
objects nsed are generally small and nearly trsnsparent 
pamtings, made on glass ; an entirely opake object can 
not be used. This instrument, as usually made, consiats 
of a tin box, painted black inside and out, with a lamp, 
L, and a reflector, M N, by which a strong light is thrown 
upon the object, so as to produce a brilliant imaee. On 
the side of the lamp opposite the reflector is a lube, A B, 
having a large ptaDo-conrez lens. A, and a smaller double- 
convex lens, B. Through C D is a slit for introducing 
the paintings, of which there are generally several on the 
same piece of glass ; so that one after another may be 
exhibited by sliding through the piece of glass. The de- j 
sign of the lens A is to concentrate the strongest ligli' | 
possible upon the object, which is to be situated a little • 
Deyond the focus of the double-convex lens, B. The rays j 
of light from the object of picture are then refracted by j 
the second lens, B, and brought to a focus upon a screen, 
G F, placed at the proper distance, producing on it ao 
inverted image. The lens B is usually contained in s 
smaller tube, which slides in the other, so that it may be 

Qn«»Tion4&t. Howdomh«maficte>itemdlfl'CTfroiiillieeMi«r»o*«cBi») WW 
■rsihi abjKM rFDmllTUKd In ifiliplKa attBomioMl OFwlui doa OMU^'i 
mem con Jst t Wbn ii tho deilpi of (he UrfalcDi, A 1 Whf » ibe ncood km. B, 
Dtullr cODUIiwd in.Mi»ilerliib*,whlch«ltd« InltMlugcrl How will ItamuJ^ 
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drawn out or pushed in at pleasure, to accommodate the 
instrument to the distance of the screen. The further 
off this is placed, the more will the object be magnified, 
but the light being spread over so great a surface, if the 
image is too much magnified, it becomes indistinct. This 
instrument is always used in the evening, or in a dark 
room. The drawing supposed to be in the lantern in 
the figure is a representation of an eclipse of the sun — S, 
the sun ; M, the moon ; E, the earth. 

485. The Solar Microscope. — The solar microscope is 
constructed on the same pnnciple as the ma^^ic lantern, 
except that it is adapted for using the light oi the sun in- 
stead of that of a lamp. The light is first reflected into 
the instrument, which is placed in a hole in the window- 
shutter^ by means of a mirror so contrived as to be moved 
steadily in the proper position for reflecting the light of 
the sun, in the required direction, at any hour near the 
middle of the day. The lenses are exactly the same as 
those of the magic lantern. 

The solar microscope is generally used for forming im- 
ages of objects in natural history,' as small insects, parts 
ot plants, &c. No light, of course, must be admitted into 
the room, except that which forms the image. 

486. The Single Microscope, — The single microscope, 
or ma^nifying'glass, is simply a double-convex lens, 
through wnich the observer looks at the object. When 
used, no image is formed, but the eye looks directly at the 
object itself. It is often fitted up in a case of horn or shell, 

so as to adapt 
it to be carried 
- . in the pocket. 

i"--!:::i4 B 487. The rea- 

son why the 
double - convex 
lens magnifies 
the apparent size 

Single Microacope. of objcCtS may 

QimsTioN 486. How !■ the 9atar mieroaeope constructed ? In what dora it differ from 

pe generally used 1 486. 

does the eye look at the 

paragraph 4871 How 
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be illustrated as follows :^-Let L be a double-convex lens, 
and A B an object seen through it b^ the eye, E. Let the 
dark lines drawn from the extremities, A and B, to the 
lens be the outermost rays that reach the eye ; in passing 
through the lens they are bent inward toward the axis, 
and the eye sees the poihts from which they were emitted 
in the direction from which they were coming when en- 
tering it. That is, the eye will see the extremities, A and 
B, of the object as if situated at A' and B' ; and, as the 
points between A and B will be affected in the same 
manner, it is evident that the object, A B, will appear to 
be enlarged to A' B'. 

488. By means of the double-convex lens we are able 
to see objects much nearer the eye than we otherwise 
could : indeed, it is only when seen at a less distance than 
in ordinary vision that any magnifying effect is produced. 
The magnifying power of such a lens is determined by 
dividing the least distance of distinct vision (6 inches) by 
the distance at which it is seen by the use of the glass ; 
or, which comes to the same thing, by the focal distance 
of the glass. Thus, suppose a magnifying-glass enables 
the eye to see clearly an object at the distance of 3 inches, 
it wUl appear twice as large as when viewed by the 
naked eye. If the object, by the use of the glass, can be 
seen when held only one inch from the eye, it will be 
magnified six times; that is, it will appear six times as 
large as when viewed by the unassisted eye. 

489. If a small object is viewed through a perforation 
in a piece of paper, or other thin opake substance, it will 
appear magnified. This is because the more diverging 
rays from the object, which would otherwise enter the 
eye, are excluded by the paper, and the object is seen by 
the less divergent rays ; so that it can, in consequence, 
be brought nearer the eye. 



does it appear that the object will be seen magnified 1 488. Are we able, by means of 
the magnifying-glass, to see objects when held nearer the eye than we otherwise could 1 
How IB the magnifying power determined 1 If, by means of a double-convex lens, the 
eye is enabled to see an object at the distance of 3 inches, what will be its magotQring 

{)ower 1 If the object is seen distinctly at the distance of an inch only, how much wiU 
t be magnified 1 489. Will a small object appear magnified if seen through m amal' 
aperture made in some opake' substance ? How is it explained 1 
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49U. It should be noted here, that always when si>eak- 
ing of the magnifying power of any instrument, the 
linear m^nifyin^ power is meant, unless it is otherwise 
stated. Thus, when it is said that the magnifying power 
of a fflass is 2 or 5, as above, it is meant that the appa- 
rent length of a straight line will be increased in that 
proportion. At the same time, the surface will be mag- 
nified in a much ^eater ratio, which is found by squar- 
ing the number which expresses the linear magnifying. 

These remarks are intended to apply to all instruments, 
both microscopes and telescopes. 

491. Multiplying Glass. — ^If a piece of glass or other 
transparent substance, ground and polished, with several 

plane faces, is held be- 
^--VB tween the eye and some 

""""---^^ ^j^l small object, there will 

be seen as many objects 
as there are faces to the 
glass. This is called a 
multiplying glass. Let 
MN be a ^ass of this 
j^idtipiying GUut. kind, haviug a plane 

surface toward the eye, 
E, and three plane faces on the side toward the object, 
A. To the eye, E, there will appear to be three objects, 
which will be seen with nearly equal clearness. A por- 
tion of the rays fr#m the object. A, passing perpendicu- 
larly through the glass at the middle face, will not be 
bent out of their course, but other portions, coming in 
contact with the other two faces, will be tent inward to 
eye, so that the object will be seen, in accordance with 
laws already pointed out (464,) in. the directions B and 
C. Glasses of this kind are sometimes made with a grea 
number of faces, through each of which the object, if 
small, will be seen. 

492. The Compound Microscope, — The compound mi- 
croscope receives its name from the fact that it is com- 

I 

QvsiTiOM 490. What Is memot by th« lit%ear magnifjfnf power of an initrament ) 
When the linear DMfniff iof power of an inatmment is 2, how much will the sarfaca 
be macnified 1 491. What la the muU^tlying-glauf 49S2, How manr leneea are there 
In the eompound microteaptJ What la the object^glaaal What w the eye-glan? 

26* 
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2>08ed of two or more lenses, whereas, in the dingle micro- 
scope, there is but one. Let A B be a compound micro- 
scope, having its object-glass. A, which is toward the 




Compound Miero»a)pe, 

object, and eye-glass, B, which is toward the eye ; and 
let O be a small object before it. By means of the small 
object-glass an ima^e of the object will be formed within 
the tube, as at I, which will be as much larger than the 
object as it is further from the lens (375.) Thus, suppose 
the object, O, is only a quarter of an inch from the 
centre of the object-glass. A, while the image, I, is formed 
at the distance of 2 inches, it will then be 8 times as large 
as the object. That is, to the unaided eye, the image will 
appear 8 times as large as the object ; but, by means of 
the eye-slass, B, we are able to view this image and 
magnify it precisely as we view the object directly by 
the single microscope. Suppose, now, that by means of 
this eye-glass we are enabled to view this image at the 
distance of only one inch, the ordinary distance of dis- 
tinct vision bemg 6 inches ; it is plain that the image 
will be magnified 6 times. But as the image is 8 times 
larger than the object, the whole magnifying power of the 
instrument will of course be 6 times 8, or 48. 

If, instead of a quarter of an inch, the distance of the 
object from the object-glass was only yV of an inch, 
and the image formed at the distance of 6 inches, it 
would of course be ma^ified 60 times ; and if the same 
eye-glass is used as before, the whole magnifying power 
of the instrument would be 6 times 60, or 360. 

493. The Jield of view of an instrument, as a micro- 

What Is the office performed by each 1 Will the image formed by the object-glass be 
larger or smaller than the object 1 If the distance of an object from the object-glass be 
one-tenth of an inch, and the image be formed at the distance of 6 inches, how much 
will It be magnified 9 If, now, an eye-glass is used, which enables the eye to look st 
the image at Uie distance of one inch, how great will be the whole DMgnifyioff power 
of the instrument 1 * 493. What is meant by the/efti tf view of an instrument ? What 
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scope, or telescope, is the field or space the eye is capa- 
ble of taking in at a single view when using it. This, in 
a microscope with only two glasses, as described above, 
is exceedingly small ; and to increase it, a third lens has 
been added, called ajield^glass. 

To make this plain, let us suppose an attempt is made 
to construct the instrument without the field-glass. Let 
A be the object-glass, and B the eye-glass ; O is a small 




object placed before it, of which a magnified image, m n 
is formed. This image, it will be seen, exceeds the 
diameter of the object-glass, B, and the rays from a part 
of it only, which lies between p and g, can reach the eye 
at E. Though the object may not exceed yV^h or yV^h 
of an inch in length, therefore, only a part of it will be 
seen by the eye. 

But let us now introduce the field-glass, as F ; the rays 

. which would, if this 
were not used, form 
the image, m n, as be- 
fore, are now brought 
sooner to a focus, and 
produce the image, 
pp, the whole of 
wiich will be seen 
through the eye-glass, 
B. The image being diminished, the object will, as a 
matter of course, appear less magnified than it would 
otherwise be ; but the field of view is so much enlarged 



in 




te th« oH^ect of the field-glau 7 Will the object appear aa much magnffled Iqr the um 
of the fleld-i^aaB aa it otberwiae would be 7 
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that, on the whole, the instrument is found to be much 
improved. 

The glasses of the compound microscope are usually 
carefully adjusted at the proper distances in a tube of 
brass, with an apparatus for holding the objects to be ex- 
amined, and a concave mirror or convex lens for illumi* 
nating them strongly ; and the whole attached to a 
proper support. 

A camera lucida is also often added to the larger in- 
strument for the purpose of making drawings of objects 
as they appear when viewed by them. 



TBLBSOOPBS. 

494. Telescopes are the reverse of the compound mi- 
croscope; their design is to enable us to view objects 
which are so distant as not to be seen at all by the unas- 
sisted eye, or but indistinctly. 

Telescopes are of two kinds, the reflecting and the re- 
fractingt both of which are much in use, each possessing 
]ts peculiar advantages. 

495. Refracting Telescopes. — It seems to be tolerably 
well ascertained that telescopes of some kind were known 
about six hundred years ago, but they were probably 
very imperfect, iand no very accurate description of them 
has come down to us. The Galilean telescope, from the 



B 



name of its inventor, Galileo, who first made it public in 
the year 1609, is the oldest, the construction of which is 
now known. 



Q^Tioif 494. What is the design of the teleieope 1 How mvay kinds of teleoeopss 
v«^B5>'«2^ .Injvhat do U)e)r differ from each other 1 495. How long have teleaeopcs 



been in use f What Is the oldest telescope, the construetioo of which is now knowD f 
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This instrument is made with a double-convex object- 
glass, A B. and a double-concave eye-glass, C D, as shown 
in the figure. Let MN be an object simated at a dis- 
tance before it, so that an inverted image will be formed 
by the object-glass, A B, at m n, if the concave eye-glass, 
CD, is removed. By placing a screen at this point the 
image received upon it might be examined directly, but 
the eye, placed at E, could not perceive the object, since 
the rays would enter it converging, which is inconsistent 
with distinct vision. But if a concave lens, C D, is in- 
troduced, the virtual focus (373) of which shall be at the 
point where the image would fall, the rays will emerge 
parallel, and produce a distinct image in the eye. 

This telescope, in consequence of the small field of 
view it affords, is not used now, except for viewing ob- 
jects at a moderate distance, as in a large room or thea- 
ter. It is then called an opera-glass. Usually two of 
them are attached to each other, at such a distance that 
one eye may be directed through each at the same time. 

496. If, inste^ of the concave lens for an eye-glass, 
the convex lens is introduced, the instrument becomes a 
common astronomical telescope; but the eye-glass must 
then be placed further from the object-glass, as will 
shortly be shown, and the object will be seen inverted. 
The astronomical telescope is represented in the figure. 



Attronomical TWeteope. 



in which A B is the object-glass, and C D the eye-glass. 
The object-glass is formed with a long focal distance, but 
the eye-glass with a focal distance much less ; upon this 



If the eje-glaai were remoTed, why could not an eye placed at E, In the flgare of this 
paragruh, eee the object 1 What purpose is served by the eye-g taes 1 For what pur* 
pose only is this instrument now used 1 496. Wliat change only is required in this 
telescope to convert it into an astronomical telescope 1 Upon what does the magnify- 
ing power of this telescope depend ? What purpose is served by the object-glass, and 
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depends its magnifying power. Let M N be an object 
placed at a distance from the object-glass, so as to form 
an inverted image, m n, at its principal focus, in the man- 
ner already described (375 ;) this image will' then be 
viewed by means of the eye-glass, C D, just as in the 
compound microscope. 

Indeed, there is a striking resemblance between the 
astronomical telescope and the compound microscope. 
In the latter instrument a magnified image of the object 
is formed, which is vie\yed by means of the eye-glass, as 
a single microscope ; but in the telescope a diminished 
image is formed, which is viewed in the same manner as 
in the microscope. But though the image of the object 
in the telescope is very much less than the object itself, 
yet its apparent magnitude is often greatly increased, 
since we are enabled to inspect the image at a much less 
distance from the eye than the object is. 

497. In order to determine the magnifying power of 
the telescope, let us first suppose the image, mrt, received 
upon a screen ; this image will be as much less than the 
object as it is nearer the lens, A B, than the object is ; 
but if the eye were situated in the lens, AB, the 
apparent magnitude of both would be the same. This 
appears from the fact that at this point both would sub- 
tend the same angle, as will readily be seen by examina- 
tion. Let us suppose, now, that the focal distance of the 
object-glass, that is, the distance from A B to m n, is 12 
inches, and that the eye is so placed as to view the image 
at the least distance of distinct vision, which is 6 inches; 
its apparent magnitude would evidently be twice as great 
as that of the object. If the focal distance of the object- 
glass were 5 feet, or 60 inches, then, to the naked eye 
placed at the distance of 6 inches, the image would have 
10 limes the apparent magnitude of the object itself. But 

what purpose hj the tj^glam of this telemope 1 What is said of the resemblance be- 
tween this telescope and the compound microscope 7 If the image of an object In a 
telescope is smaller than the object itself, how does it appear that its apparent mafni- 
tade may be increased by it ? 497. If we suppose the eye placed in the object gimm of 



the telescope, and the image received upon a screen, what will be the comparative ap- 
jMrent magnitude of the object and ima|re as seen by it 1 How does this appear 1 If 

eye at 

imaga 

ibiifiO 



the focal distance of the object-glass be 12 inches, and the image be viewed by the eye at 
the distance of 6 inches, how would the apparent magnitude of the object and image 
•ompaire t Bow does the eye-glass act t If^the focal dutance of the olyfeet-^aas 
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then the image is always viewed by means of an eye* 
glass, which acts precisely as a single microscope, and 
enables the observer to see it when situated much nearer 
the eye than the distance mentioned, 6 inches. Let us 
suppose, then, that by means of the eye-slass the eye is 
enabled to see the image at the distance of only one mch, 
by which it would, of course, be magnified 6 times ; the 
whole magnifying power, in the last case mentioned above, 
would then be 6 times 10, or 60 times. But this same 
result might evidently have been obtained by dividing 
the focal distance of the object-glass, 60 inches, by the 
focal distance of the eye-glass, 1 inch ; hence, to find the 
magnifying power of the astronomical telescope, we have 
only to divide the focal distance of the object-glass by the 
focal distance of the eye-glass. 

As the eye-glass should be placed so as to have the 
image in its focus, it is evident the distance of the two 
classes apart ought to be just equal to the sum of their 
focal distances. Generally the object-glass is consider- 
ably the largest, and *the eye-glass is placed in a tube 
somewhat smaller than that which contains the former, 
so that it may be moved backward and forward as may 
be found necessary in viewing objects at different dis- 
tances, or to accommodate the instrument to the eyes of 
dififerent persons. In this telescope it is evident that ob- 
jects will always be seen inverted ; but for astronomical 
purposes this is of no consequence, since their true place 
and position can be just as readily determined. 

498. By adding to the astronomical telescope two 
other lenses of the same focal distance as the eye-glass, 
the terrestrial telescope, or common spy-glass, is produced. 
The design of these additional lenses is merely to cause 
the object to be seen erect ; an inverted image of the ob- 
ject is first formed, as in the instrument just described, 

mehes, and bf meuui of the e^e-fUuH the imsf e naj be viewed at the diatanee of 1 inch 
only, what would be the maffni^ing power of the inatrameDt 1 How la the magnify* 
ing power of the telescope to he taand'i What diitance apart moat the twQ gUupaea be 
plaeed 1 Which of the two glaaaea la ueaally largest 1 Why la the eye^glaaa placed in 
a tube 80 aa to allow of being moved backward and forward 1 How will the object 
alwaya be seen In this telescope 1 498. How does the terreBtrial 'telucope^ or mf-gtau, 
differ from the astronomical telescope jtt:it described 1 What ia the deaign of theae two 
additional glasses 1 What ia represented in this figure 1 To what does the lens C O 
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and then an inverted image of this image, which is seen 
by the eye as before. 

The annexed figure represents the glasses of the terres- 
trial telescope remov^ from the tube. A B is the ob- 
ject-dass, by means of which an image, m n, of the ob- 
ject, M N, is formed in its focus ; C D corresponds to the 




eye-glass of the astronomical telescope, and is so placea 
that the image, m n, is in its focus. From C D the rays 
emerge parauel, and by the second eye-glass, IF, are 
again brought to a fociis, forming an image, m'nf, of the 
^ first image, which is erect like the object. This last im- 
age is seen by the eye at E, magnified by the third eye- 
glass, 6 H. The magnifying power of this telescope is 
found in the same manner as in the astronomical tele- 
scope, by dividing the focal distance of the object-fflass, 
A B, by that of the first eye-glass, C D ; the efiect of the 
other glasses, as already intimated, being only to reverse 
theposition of the first image. 

These three eye-glasses are usually fixed in a tube, in 
the proper position with respect to each other, so as to 
slide backward and forward in the tube which contains 
the object-glass, A B. As a portion of light is lost at 
every refraction, objects are seen less distinctly with this 
instrument than with the astronomical telescope ; but, as 
it shows the objects erect, it is preferred for use in view- 
ing terrestrial objects. 

499. Achromatic Telescope, — Since the primary colors 
of light are always separated more or less when it is re- 
fracted, this efiect must follow when refraction is pro- 
duced by means of a lens, as well as when the prism is 

correspond In the astronomical telescope 1 Are objects seen as distiactly Iqr means of 
the terrestrial as by the astronomical telescope 1 What reason is given 1 499. When 
the primary colors of light are separated by the action of a lens, how will they be ar* 
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used ; but the colors, instead of being situated as in the 
solar spectrum (378,) will be arranged in concentric 
rings. We have seen that when two similar prisms are 
used, having different dispersive powers, and placed in 
opposite positions, the light wiU still be bent out of its 
course, but the colors will nearly disappear. To destroy 
the colors, therefore, produced by the double-convex lens, 
it is only necessary to connect with it a double-concave 
lens, made of glass, whose dispersive power is greater 
than that of the glass of which the convex lens is made. 
The concavity of the concave lens being somewhat less 
than the convexity of the other, the rays will still be 
brought to a focus, though at a greater distance 
from the glass than if the concave lens were 
not used, forming a colorless or achromatic 
image, that is, an image of the natural color of 
the object. 

It is found that flint-dass (thsct of which 
drinking-glasses are usually made) and crown 
A^Tom^ glass (common window-glass) answer well this 
purpose, the dispersive power of the former be- 
ing considerably greater than that of the latter. 
The figure represents an achromatic object-glass, AB 
being a convex lens of crown-glass, and C D a concave 
lens of flint-glass. 

A telescope with an object-glass of this kind is called 
an achromatic telescope. 

500. Reflecting Telescopes. — The reflecting telescope, 
instead of the object-glass, contains a concave reflector, 
or speculum, in the focus of which the ima^ is formed, 
and is viewed by means of an eye-glass, m the same 
manner as in the refracting telescope. 

There are several kinds of reflecting telescopes, as the 
Gregorian^ Newtonian^ HerscheHan, and the Casse^aitu 
icai, each of which has received its name from its in- 
ventor. 



nnged 1 To dntroj the eoton lyrodaeed by a donble^oDYex lent, what only is neec** 
■arji 1 Moat the concave or convex lens have the greater diepersive power 1 Maet (he 
concaYitj of the coocaYe lena equal the convezltT of the convez 1 What two kinda <^ 
|ta« are foood to aoawer the porpoeet raqnired 1 000. How does the relleetlof tele- 
<dllAr from the refracting 1 What diflTereiiLklnda of relleeting UUtcnpm en 

27 




\ 



812 NATURAL PHILOSOPHY. 

The next figure represents the Ch'egorian telescope, in 
which A B is a concave metallic speculum, with a hole 



in its centre, and C D a much smaller x>ne, supported so 
as exactly to front the first. By means of a screw, W, 
the small speculum is moved backward and forward, so 
as to adjust it at the proper distance from A B, which 
should be a little greater than the sum of their focal 
distances. E and Fare eye-pieces, which are usually 
plano-convex lenses, having their convex surfaces turned 
toward the object. Now, suppose rays of light, M N, 
from the extremities of some distant object, to strike upon 
the large speculum, they will, of course be reflected 
to a focus, and wiU form an inverted ajid diminished im- 
age, m n, in front of the small mirror, a little further from 
it than its principal focus. By means of the small mirror, 
light from this image, as from a new object, will be again 
reflected through the hole in the large mirror, and a 
second erect image formed, m^ n^ which is viewed mag- 
nified by the eye-glass, F. The lens, E, might be dis- 
pensed with, but is always used for the same purpose as 
the field-glass (493) in the compound microscope. 

The Cassegrainian telescope is precisely the same as 
the Gregorian, except that the small mirror, C D, is made 
convex, so that the length ^of the instrument is somewhat 
diminished, the virtual image of the small mirror being 
formed behind it. 

The NeuHonian telescope was invented by Sir Isaac 

BMntloned 1 How manj reflectors has the Gregorian telescope 1 Where is the iman 
from the large speculum formed 7 What is the use of the small mirror 1 What Is u« 
design of the e/e-glass t By whom was the Newtonian telescope invents^ 1 Of wk«t 
does it consist f # 
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Newton, and is shown in the annexed figure. It consists 
of a concave speculum, A B, placed at one end of a tube, 




Ntietonian TVImoojA. 

fi-om which rays of light, M N, from an object are reflected 
so as to form an inverted image, m n, in its focus ; but a 
small plane mirror, C D, inclined to the axis of the instru- 
ment, is interposed, and it is reflected to m' n\ where it is 
viewed by means of the eye-piece. 

501. It only remains for us to describe the telescope of 
Herschel, which for astronomical purposes is much used. 

This telescope is made like that of Newton, except that 
the reflection from the plane mirror is avoided by inclin- 
ing the speculum, A B, a little to one side, so that the 
image is formed on that side of the tube, as at E, where, 
of course, the eye-piece is placed. The head of the ob- 
server being at E, some portion of the rays, M N, are 




HerachdUan Tekaoope, 

intercepted, but not as large a portion as is lost by the 
reflection from the plane mirror in Newton's telescope. 
In viewing near objects, too, especially if the instrument 
is very short, some distortion of the image would be pro- 
duced ; but nothing of this is observed when it is of con- 
siderable length and used for astronomical purposes, for 

QvBSTiON 601. In what does Herachel's telMCope differ from th« Newtonian 1 How 
doe* the obMnr«r stand wben uaing this telescope 1 What wai the diameter of the 
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which it is chiefly, if not wholly, intended. In using this 
instrument the observer, of course, stands with his back 
toward the object. 

The magnificent telescd^e constructed by the elder Dr. 
H^rschel has often been described. The speculum it 
contained was four feet in diameter, and had a focal 
length of forty feet. The highest magnifying power of 
the instrument was 6450, which, however, was seldom 
used, a lower power being generally preferred. 

Recently a still larger telescope has been constructed 
in Ireland, by the Earl of Rosse. The form of this tele- 
scope is the sime as that of Herschel's, jusf described ; 
but the great speculum is much larger, being six feet in 
diameter, and having a focal distance of fifty-four feet. 
Its thickness is five and a half inches, and its weight 
nearly* four tons. 



CHAPTER YL 

/^ MAGNETISM. 



502. Magnetism is the science which treats of the 
properties and effects of the magnet 

Description. — The natural magnet is an ore of iron 
found in the earth, pieces of which have long been known 
to possess the power of attracting each other, as well as 
pieces of iron and steel, when brought in their vicinity. 
The name magnet, given to pieces of this ore, is said to 
be derived from Magnesia, a town in Greece, from which 
they were obtained. 

503. This ore of iron is now found in almost eveiy 
country, and is usually called loadstone. Sometimes 
pieces of it are cut into regular forms, and used as mag- 

aieeulumin HerschePs great teleseopel What was its focal distance 1 What is the 
ameter and focal distance of the telescope recently constructed by the Earl of 
itosMi 602. What is magnetism? What is the magnet! What pecaliar property 
rfoesftposwssi 60B. Is thisort of in»Tiry commonly found 1 What la It ealisd f If • 
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nets. They are often called natural magnets, to distin- 
guish them from artificial magnets, which are pieces of 
steel to which the magnetic property has been imparted 
in a manner to be hereafter described. 

If a mass of this ore of iron, of tolerabl}" regular form, 
be rolled in iron filings, there will generally be found two 
points, and only two, nearly opposite each other, on which 
the filings chiefly collect ; between these points few only 
will adhere. These points where the film^s collect are 

called ibe poles of the magnet. 
N S represents a natural mag- 
net which has thus been rolled 
in iron filings ; N and S are 
the poles around which the 

LoadHomeanTlnm Filing: filings chicfly CoUcCt. 

If the magnet be placed 
upon a piece of wood in a basin of water, the piece of 
wood — supposing it, of course, capable of floating in the 
water with the loadstone upon it — will turn round, what- 
ever may be its position at first, so that one of the two 
poles shall be toward the north, which is therefore called 
the north pole, and the other toward the south, and is 
therefore called its south pole. Its tendency thus to 
arrange itself is called its directive property, and has been 
long known. Often pieces of loadstone are seen of so 
regular a form that they may be suspended by a cord, so 
as readily to place themselves in this position. 

504. When two magnets made to float upon water, as 
described above» are brought near each other, it will be 
found that, when two north poles or two south poles are 
presented together, they repel each other, but when a 
north and a south pole are presented together, they attract 
each other. We have, therefore, this principle, that like 
poles repel, but unlike poles attract each other. 

505. Induction of Magnetism. — The magnet has the 

piece of the luitiTe macnet is rolled in Iron filings, what Is the result 1 If the magnet is 
placed upon a piece of wood capable of floating with it in a ba^in of water, in what 
direction does it settle 1 What is the north and what the aoii^A pole of the magnet 1 
What is meant by the direetwe property of the magnet 1 604. When two magnet» 
floating upon separate pieces of wood In a Dasin of water, are bfppght near each othen 
what Is OMer^ed I 07 * 

• 27 
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power ot eommttnicating its properties to pieces of steel 
simply by being brought, for a short time, in contact with 
them. The pieces of steel are then said to be magnetized, 
and are called artificial magnets ; and are found to be so 
perfectly identical with the natural mamet, that in ex- 
amining the phenomena of the science they may be sub- 
stituted for tne latter, and are indeed generally preferred 
because of their beins more easily made in any form de- 
sired, and being also less liable to be broken by accident. 
The north pole of an artificial magnet usually has a line 
drawn across it, to distinguish it. 

A slender bar of steel 
ma^etized in this manner, 
and suspended at its cefttre 
of gravity upon a pivot, so 
as to move freely, consti- 
tutes the magnetic needle. 
It is represented in the fig- 
ure. When the needle is 
suspended in this manner, 
whatever may be its posi- 
tion at first as to the merid- 
ian, when left to itself, after 
a few oscillations it soon set- 
tles in the direction of north and south, the north pole, 
N, beingto the north, and the south pole, S, to the south. 
506. Two needles of this kind serve as well to perform 
the experiment described above (504) as natural magnets 
placed upon pieces of wood floating in water. When two 
similar poles are brought near together, a strong repul- 
sion is observed ; but if the poles are unlike, there will be 
an equally strong attraction. The repulsion or attrac- 
tion is mutual, no doubt, and both the needles move more 
or less if they are free ; but if one is held in the hand, 

QvuTioN 606. Does the natural magnet have the power of eommanicating ita iirop- 
ertiea to pieces of steel 7 What are artificial magruia 7 May either natural or artificial 
magnets oe used in InTeatigating the phenomena of magnetism 1 How is the north pole 
of an artificial magnet usually marked 1 What is the magnetic needle 1 When tha 
needle, properly suspenTded, is left to itself, in what direction does it settle 1 If the two 
similar poles of two needles are brought near each other, what is the effect 7 If tbtt 
potes are dissimilar, what is tha effect? Is the repulsion qr aUrietioo bafcwacn tte 
QfSdlfP mi4CQal t 
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while one of its poles is presented to the other needle, that 
alone, of course, can move, though the force exerted be- 
tween them is mutual. 

507. It is not merely small par* 
tides of iron, likelron filings, that 
are attracted by the magnet, the 
same effect is produced upon bars 
of this metal of considerable size ; 
and when a piece of any form is 
thus attracted it always becomes 
itself magnetic. Let N S in the 
figure be a magnetic bar, and let 

Mufutu B^dmiian, ^ P^®®® ^^^^*^ ^^^^' ^' ^ presented 

'^•^ to its south pole, S, it will be in- 

stantly attracted ; and if it is ex- 
amined while held in contact with the magnetic bar, it 
will be found that its lower end is a .south pole and its 
upper end a north pole. If a second piece, C, be now 
presented to the first, it will be likewise attracted, and 
will become magnetic, its upper end being a north pole 
and its lower end a south pole, as before. Other pieces 
still might be attached in like manner, and each would 
become magnetic, but the magnetism of each successive 
piece will be weaker than that of the preceding. 

It will be particularly observed that the upper end of the 
iron bar, which becomes a north pole, is in contact with 
the south pole of the magnet. So, when a piece of iron 
IS presented to the north pole of a magnet, the part next 
to the magnet becomes a south pole, vmile the other part 
becomes a north pole. The result is always in accord- 
ance with these facts ; — ^when a piece of iron is brought in 
the vicinity of either pole of a magnet, that part of the 
piece of iron nearest the pole takes the opposite polarity 
from that of the pole, while the other extreme takes the 
same kind as that of the pole. The next figure will illus- 
trate the principles here discussed. It represents a larse 

bar magnet with several smaller pieces of soft iron m 

« 

QuBVTiON 607. What effect Is produced on a piece of Iron when it is attracted by a 
magnet 1 Does the extremity of a piece of iron, in contact with one of the polea of a 
nafnat, posseas the same or tha oppoiAte polarity 1 When a piece of iron beeomaa 
BaiaatU by baing in oontaecwith a magoat, will U attract a laaond plaeal 
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different positions near it ; — ^by'the inductive influence oi 
the maffnet the pieces of iron become magnetic also, the 
letters N and S indicating their polarity. 



y 
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508. But, though the pieces of iron are so readily mag- 
netized, they do not retain their magnetism. This may 
be shown by taking hold of the piece B in the figure pre- 
ceding the last, and removing it from the magnet; its 
magnetism is instantly destroyed, as will be shown by 
the dropping of the other pieces attached to it. 

The development of magnetic properties in a piece of 
iron in this manner, merely by the approach of one of the 
poles of a magnet, is called magnetic induction^ from its 
analogy to electrical induction, to be hereafter explained. 

We have spoken of the iron, in some of the above ex- 
periments, as being in contact with the magnet, but this is 
not necessary ; it only requires to be brought near to it. 
This may be shown by holding the piece of iron at a little 
distance from the pole of the magnet, and then presenting 
to one end of the iron another small piece, which it win 
be found to attract, though it will cease to hold it if re- 
moved too far from the magnet. But when the piece of 
iron is in contact with the magnet, its magnetism is 
stronger. 

The same thing may be familiarly illustrated as follows: 
— Lay a large nail upon a piece of window-glass, and 
place near one end of it some small tacks, or other pieces 
of iron ; no appearance of attraction between them and 

QuBSTioN 506. What is the effect of carefiillT removing the magnet from the fint 
Pj^e 7 What is meant by magnetic induction 7 That magnetism may be induced in a 
piece of iron, must it be in contact with the magnet 1 Is the induced magnetism stroofk 
•St when the iron is in contact with the magnet 1 May magnetism beindueed in iroa 
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the nail will be at first observed. Holding the glass in 
one hand, with the n^l upoD it and small tacks scattered 
upon one end, bring one pole of the magnet under the 
glass, near the other end of the nail ; the tacks will be 
seen to be instantly attracted by the nail, by reason of 
the magnetism induced in it by the influence of the mag- 
netic pole beneath the glass. But the nail, it will be ob- 
eerved, has not been in contact with the magnet, for the 
glass has all the time been between them. 

This leads us to remark, further, that the inductive 
influence ia exerted through all other substances that are 
Dot themselves capable of becoming magnetic, and with- 
out any diminution of the effect. Thus the magnetism 
induct in a bar of iron, held at a given distance from 
one of the poles of a magnet, will be of the same intensity, 
whether a plate of glass or copper, or a piece of wood, be 
held between them, or whether a stratum of air only in- 
tervenes, 

509. The attraction of a piece of iron by a magnet 
seems to be in consequence simply of the magnetism first 
induced in it ; and the reason why other substances are 
not also attracted is because they are not capable of be- 
coming magnetic. 

510. Tfie Jnfiuence Mutual. — When a magnet acta 
upon a bar of iron to induce magnetism in it, its own 
magnetism is always, at the same time, increased by the 

IhrDi^iplecr ofglui; Ii Ihe InducIlTclnaiieiiee eierted Ihrouili olhei ■utMin«aI 
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H reaction of the magaetism of the bar 

Jl ■ upon the magnet. This may be shown 

qA m| by direct experiment. Let A be a bar 

magnet, suspended tp a common lamp- 
stand, S ; B a small piece of soft iron, 

I_— with a scale-pan and weights, W, at- 
s I tached by means of cords. With this 

■ it will be eas^ to determine the weight 
the magnet is capable of sustaining ; 
and when this is done, let a bar of soft 
iron, about equal in size to the magnet, 
be held against the upper end of the 
magnet. If trial is now made, it will 
be lound that more weight will be sus- 
tained by the magnet than before the 
iron was placed above it. 

511. If the north poles or south 
poles of two magnets are both together 
brought in contact with one end of a bar of iron, the 
magnetism induced in it will be more intense than if one 
alone had been used ; but the effect will be still greater 
if the bar of iron is placed between the two magnets, so 
that the north pole of one magnet shall be in contact 
with one extremity, and the south pole of the other 
magnet in contact with the other extremity. Both 
magnets then conspire to produce the same result, and 
the effect is the greatest possible. 
^ Whfen the north pole of 

a magnet is placed .against 
the centre of a bar of iron, 
a complex effect is produ- 
ced; the centre of it be- 
comes a south pole, while 
the two extremities of it 
are both north poles. If 
the south pole had been 
used, the middle of the bar 
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Star B§a£F%eL, 

^l^w^FV ^fcWWp^ W^n^9m 



in»gMt\Bm affected ? How may this be sbown 1 611. How muet two magnets be pra- 
Jh** «f'° * **"" o*^^™"* *" order to produce the greatest inductire influence ? What ]n 
Iron^^t ^ ^^ ^^^^ ^°'* °^ * magnet is brought in contact with th« centre of m 



MAONETI8M* 



321 




>iC 



would, of course, have been a north pole, and the two 
ends south poles. If the north pole of a magnet is placed 
on the centre of a star made of sheet iron, so as to be per- 
pendicular to it, the centre becomes a south pole, and all 
the extremities of the rays north poles of weak intensity. 

512. A curious and not uninstructive 
experiment may be performed with two 
straight magnets and a piece of soft iron, 
made in the form of the letter Y. Let a b 
C be such a piece of iron, which may be 
suspended by one of the branches to the 
north pole of one of the ma^ets, as A. Its 
lower end will immediately become a north 
pole, and will be capable of sustaining a 
small piece of iron, as a key ; but if, while 
held in this manner, the south pole of the 
other magnet, B, be brought in contact 
with the other branch, 6, of the piece of 
iron, the key will instantly drop on. This 
is occasioned by the opposing action of the 
two magnets, neutralizing each other's in- 
fluence. The branch a will have a south polarity, and 
the branch b a north polarity, while the lower extremity 
will be neutral. 

513. Artificial Magnet — ^We have seen that though 
pieces of iron so readily become magnetic, under the in- 
fluence of a magnet placed in their vicinity, they do not 
retain their magnetism after being removed from the 
magnet. It is oti^erwise with pieces of steel properly 
tempered ; they do not become magnetic as readily ^as 
pieces of iron, but when the magnetic property is once 
induced in them, they retain it permanently. When one 
end of a piece of steel of considerable length is brought 
near one of the poles of a magnet, it does not instantly 
become magnetic through its whole extent, as a bar of iron 
does, but it requires a perceptible time for the magnetic 
influence to reach the further end. 



Esperiment. 



(IvasTioir 512. What earions experiment Is incutnted in the figure In this pam* 
graph 1 613. Do pieces of steel retain their magneiism when they have been one* 
magQetixed t la the magnetic virttte aa readily induced in steel as in iron % 
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Sometimes the steel bar is divided into several parts, 
there being several north and south poles in succession. 

Let A be a mag- 

■IHi^HBi HfSMMIS ^h^aM of steel, placed 
stmi Mdgnetixed. very near its north 

pole, but not ac- 
tually in contact with it. If the bar be now examined 
by means of a very short and delicate magnetic needle, 
it will be found to have a south pole at the end nearest 
the magnet, and a north pole at the other end ; but be- 
tween these will be other weak north and south poles, 
alternating with each other, as indicated by the letters s 
and n. These points, where the polarities thus change 
from one to the other, are called consecutive points, and 
their occurrence very much weakens the general mag- 
netic power of the bar. 

514. It is a remarkable fact that if a magnet be broken 
into two or more parts, all the pieces will instantly be 
found to be perfect magnets ; that is, each of them will 
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have both a north and a south pole, though the point at 
which they were separated was before perfectly neutral. 
This experiment may easily be performed by magnetizing 
a piece of a watch-spring, and then breaking it in the 
centre and examining immediately the two pieces. 

515. When a magnet is used for inducing magnetism 
in pieces of iron or steel, it loses nothing of its own 
power ; but, on the contrary, its own magnetism is rather 
increased (509,) if it was not before at a maximum. It 
seems, therefore, that nothing has been given up by it to 
the iron or steel with which it has been used, but only a 
property already existing there has been waked up, as it 

Question 514. If a magnet is saddeniy broken into two or more pieces, will each be 
a perfect ma^et 1 616. Uoes a mwet lose any of its power when it is used to induce 
BMjEnetism In a bar of iron or steaTl Is any thing conunanicatad to the body 



MAGNETISM. 



were, oi developed. It is not possibIe> by any means 
known, to obtain one kind of polarity without the other 
accompanying it at the same time ; that is, to obtain a 
north pole without a south pole, or a south pole without 
a north pole accompanying it in the same piece. 

516. We have seen above that a piece of steel may be 
magnetized, or an artificial magnet produced, simply by 
bringing one of its extremities in contact with one of the 
poles of another magnet ; but it will be better to pass one 
pole of a magnet, held in an inclined position, over the 
whole length of the steel bar, each time moving it in the 
same direction, from left to right or from right to left. 
This is called the method of single touch ; the design of 
passing the magnet over the whole bar is to prevent the 
formation of consecutive points. 

In the method by double toticJi, as it is called, two mag- 
nets are used, one be- 
ing held in each hand ; 
and the north pole of 
one beinff brought near 
the south pole of the 
other, both together are 
placed on the centre of 
the bar, A B, to be mag- 
netized, as represented 
in the figure, and then drawn toward its extremities, 
one in one direction and the other in the other direction. 
The magnets should always be held considerably inclined 
to the bar to be magnetized. This process should be re- 
peated ten or twelve times, which will usually be sufllcient. 
If a bar of steel is heated to redness, and then suddenlv 
cooled by throwing water upon it while in contact witn 
one of the poles of a magnet, it will usually be found to 
become magnetic. The magnetism is induced in the 
bar while in its soft state by reason of the heat, and be- 
comes fixed when it is hardened by cooling. So a bar 
of steel will often become feebly magnetic simply by be- 
jing hammered while lying in the direction of north or 

■ - • 

QtrsiTioH 616. What !■ the method of mafnetislnff a bar of ateel bj elnfle touch I 
What If the method of doable touch 1 What other method ie deecribed * 

28 
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south, or oy being struck several times with a hammer, 
so as to produce a ringing sound. 

617. The Horse-Shoe Magnet, — The poles of a bar 
magnet are so far apart that it is inconve- 
nient to bring them both to act on the same 
object at once ; artificial magnets are there- 
fore often made somewhat in the shape of a 
horse- shoe, as seen in the figure, and are 
called horse-shoe magnets. A piece of soft 
iron, AB, used to connect the poles, is 
called the armature, or keeper. One end of 
this being in contact with one pole of the 
magnet, and the other with the other pole, 
it will, of course, become powerfiilly mag- 
netic, and will be attracted with great force. 
By attaching weights to the armature, by 
means of a cord, the magnet may in this 
way be made to exert the greatest power of which it is 
capable. 

By combining several horse-shoe magnets 
powerful magnetic batteries have sometimes 
been constructed, of suflicient power to lift 
maxiy pounds. The several magnets are 
placed so that all their north poles shall be 
in contact, and all their south poles ; and, 
as a matter of course, they react slightly 
upon each other, so as to diminish theur 
joint efifect. Thus, if there are six magnets, 
each of which alone is capable of lifting four 
pounds, the six together, when combined, as 
in the figure, will not lift twenty-four pounds. 
If the poles of a powerful horse-shoe magnet be placed 
against the under side of a pane of glass or sheet of paper 
held horizontally, and fine iron-filings be sprinkled upon 
the upper side, they will arrange themselves in a peculiar 
curve, as represented in the next figure. This is occasioned 




Magnetic Bat- 
tery, 



QuBSTzoN 517. What is the form of the horse-shoe ma^piet 1 What is the ^ w. ., 

or keeper ? How is the magnetic-battery formed 1 Will several mafoets combined in 
this manner produce a joint.effecr equafto the sum of the effects of the aincle "*'^g"iita ) 
What experiment is illustrated in ^e figure t 
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~~ ~ by the inductive influence 

of the two poles of the maa- 
net, by which all the small 
pieces of iron are converted 
into magnets, which act 
upon each other, as already 
explained -of other magnets. 
irm-Fiimrf When the magnet is moved 

along the lower surface of 
the glass a peculiar movement is produced among the 
iron-filings, not unlike that of a (nultitude of small animals. 
518. All magnets, if left to themselves, gradually suSer 
a diminution of their magnetism, and, in process of time, 
even lose it entirely ; but natural magnets retain it much 
longer than artificial ones. But by suitable precautions 
they may be preserved for any length of time, and their 
power even increased. Two magnets, kept with their 
similar poles together, injure each other very much, and 
if nearly of equal power, may destroy each other in a 
short time ; if one is much stronger than the other, the 
weaker will be likely to have its polarity reversed ; that 
is, its north pole will become a south po^e, and its south _ 
pole a north pole. 

It is found that magnets are best preserved when kept 
constantly in exercise. This is accomplished by bring- 
ing the unlike poles of two magnets together, as oy plac- 
ing two bar magnets of equal length side by side.'or by 
extending a piece of soft iron from one pole to the other. 
The power of the horse-shoe magnet will often be con- 
siderably increased, in a few days, by suspending from 
its armature as much weight as it wfll bear, and adding 
to it from time to time. 

Magnets should always be kept free from rust, which 
impairs their power ; and they should also be protected 
from mechanical injury. The power of a magnet has 
often been greatly impaired by a single blow, or oy a fall 
upon the floor or pavement. 

QmiTiDa E18. DoeathspowerodiniciietdliiilnlahbjkMplntl WhUpncantloa 
Bwr bt uken lo prfTent ihia effect I How nuy the power of ■ nutpiH be iscRued bjr 
keepiDf 1 Wbit it Bid of tbe elRcL of k blow apon a nufDet, or o? lelliDi it &H upon 
Ih* paTemait 1 Wbu tauJdiirUueireeial'nialupansmiifned 
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510. When a magnet is heated to redness and allowed 
to cool again, its magnetism is invariably entirely de- 
stroyed ; and its power is impaired by even so small a 
degree of heat as that of boiling water. On the other 
hand, at very low temperatures the power is increased. 

590. It is believed that nearly all substances are capa- 
ble of exhibiting a feeble magnetism when under the in- 
ductive influence of a powenul magnet ; but two only, 
(besides iron or some of its compounds,) the metals nickel 
and cobalt, retain it ; and the magnetism of these, at best, 
18 very weak. 
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521. The Earth a Magnet. — ^We have seen that when 
a natural or artificial magnet is suspended so as to move 
freely, it will, when it comes to a state of rest, present 
one of its poles to the north and the other to the south. 
This is, no doubt, produced by the influence of the earth 
acting upon the needle as an immense but distant mag- 
net. Indeed, in order to understand clearly all the vari- 
ous relations of the magnetic needle to the earth, we may 
with propriety consider the latter as a great magnet, hav- 
ing one of its poles at or near the north pole of the earth, 
and the other pole near its south pole. But we have 
concluded to call that pole of the needle which points to 
the north the north pole, and the other the south pole 
(503 ;) and as unlike poles attract while like poles repel 
each other, it follows, as a matter of course, that the 
magnetic pole at or near the north pple of the earth must 
be a south pole, or possess southern polarity, while that 
in the southern hemisphere must possess north polarity. 

522. The Dipping Needle, — If a piece of steel, made 

in the form of the magnetic needle, is accurately bal- 

.^ « 

^ . 

Question 519. How is the maj^tfet affected hj heat 7 How by cold 1 6Q0. Is it be> 
Ueved that nearly all substances are capable of exhibiting slight traces of magnetism 
when under the in|luence of a powerful magnet 1 What two only, besides iron and its 
compounds, retain the magnetism ? 621. What Is it that occasions the magnetic nee- 
dle lo settle in a north and south direction 1 May we consider the earth to act as a 
great magnet upon magnetized bodies at its surface ? What kind of polarity must Itm 
pols in the nortliem hsmisphers possess 1 How dops this appear t C^ If a piece of 
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Experiment tmth Magnets. 



anced upon a pivot, so as to remain in a horizontal posi- 
tion, after being mametized the north pole will dip or be 
depressed considerably below its former horizontal posi- 
tion. This is, no doubt, occasioned by the influence of 
the earth's magnetism, which is exerted more on the 

north pole than on the 
south pole, so that the north 
pole is drawn downward. 
This is not surprising, since 
we are situated so much 
nearer the north than the 
south pole of the earth. 
Let A B be a bar magnet 
lying horizontally upon the 
table, and then Jet a small 
magnet, * suspended by a 
thread, so as to hang horizontally, be held at D, oyer the 
centre of the large magnet ; its north pole wiU point to- 
ward B, and its south pole toward A ; both of its poles 
bein^ equally acted upon*b^ the poles of the large mag- 
net, It will remain in its horizontal position, as shown m 
the figure. But let it next be carried gradually toward 

the north pole. A, of the 
magnet ; the south pole of 
the small needle will im* 
mediately begin to dip, 
and the dip will increase 
as it approaches the pole 
A. So, if the needle is 
moyed toward the other 
pole of the magnetic bar, 
the other pole will be de- 
pressed in the same man- 
ner. The position it would 
take at C and E is shown 
in the fisure. 

' 523. A needle prepared 
expressly for showing the 

■teel \b aecnrately balanced upon a pWot, and then magnetlEedf wbat effect toobaenredl 
How is thia accounted fori How ia it illnatrated In the figarat 629. What it the 
dipping-needle? 
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dip or variation from a horizontal position is called a dip* 
ping needle. The preceding figure represents the sim- 
plest form of this instrument. A B is a flat piece of wood, 
for a base, provided with a spirit-level and screw, for 
leveling it with sreat accuracy ; and to it is attached 
a graduated circle of metal, CC, having a horizontal 
bar, H H, to support the needle, N S, so that it revolves 
freely in a vertical circle. As the parts of the needle 
are made to balance each other very aceurately before 
it is magnetized, the position it takes after becoming a 
magnet will depend upon the magnetic attraction of the 
earth. 
\ 524. By this instrument it has been determined that 
^ near the equator the needle is hori2ontal ; but as it is 
carried north the north pole begins to dip, while at the 
south of the equator the south pole of the needle dips. 
Toward the polar regions, either: in the northern or 
southern hemisphere, the dip becomes very great ; and 
if the true pole of the earth could be found, the needle 
would there stand perpendicularly. The dip of the nee- 
dle at any place is found to be subject to a slight varia- 
tion ; but in London, in 1830, it wias 69^ 38'; at Paris, 
in 1835, it was 67^ 24'. The dip, at the present time, is. 

At Baltimore,^ about 

Philadelphia, 

New York, 
" Middletown, Ct., " 
" Boston, " 

525. We have said that near the equator there is no dip ; 
ftie places where this occurs are situated in a line that 
encircles the earth, and is called the magnetic equator. 
It deviates much from the geographical equator, being 
sometimes north and sometimes south of it, and, of course, 
crossing it several times. 

626. Variation of the Needle, — It has been stated, also, 
that the magnetic needle, when properly suspended, axxi 
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QvBSTioiv 604. What is the dip at the equator ) What is the effect if the nefdlte is . 
moTed to the north or south or the equator t What is the amouot of th^<«lip, at the 
present time, at Baltimore, New York, and Boston 1 B2S. What is the mtunatte eoiMi> 
torf Does ft dsviate from tbs feographical equator t SM. Does the kecdls alwajr* 
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aninfluenced by any other magnetized body, will settle in 
the general direction of north and south; but it is now well 
known that it is subject to deviate more or less to the 
east or west of this position. This deviation of the nee- 
dle from the true meridian is called its declinaiion, or 
variation^ and sometimes amounts to many degrees. 

The direction in which the needle settles in any place 
is called the magnetic meridian of the place ; and the an- 
gle between this and the true meridian is, of course, the 
variation. 

The variation at any place is eonsttotly changing : at 
London, about 265 vears ago, it was 11^ 15' east; that 
is, the north pole of the needle deviated 11 degrees 15 
minutes to the east of the true north; but it gradually 
diminished, so that, in 80 years afterward, or about the 
year 1660, it became nothing, i^nd the needle pointed to 
the true north. Immediately afterward a western de- 
clination commenced, which gradually and uniformly 
increased until 1815, when it amounted to 24^ 27': since 
that time it seems to have been diminishing, and in 1840 
was said to be less than 24 degrees. 
. At Philadelphia the variation in 1840 was about 3^ 
52' west ; at New York, about 5° 23'; at New Haven, 
Ct., about 6^ 0'; at Middletown, Ct., about 6° 40', and at 
Boston, about 8^ 55'. The variation at all these places, 
it is believed, is now diminishing. 

The line of no variation is an irregular circle, passing 
round the earth from north to south ; in this country, at 
the present time, it passes through lake Huron and lake 
Erie, a little west of the western line of Pennsylvania, 
crosses the southwest corner of that state, and the states 
of Virginia and North Carolina, entering the Atlantic 
ocean a little east of the line between North and South 
Carolina. This line of no variation is by no means 
fixed, but is constantly varying, sometimes moving grad- 



pojm to the true north and south t What i« meant by the dedtnaHon or variation of 
the needle 1 What is the magnette meridian of a place 1 Is the declination at any 
place always the same 1 What changes have taken place in the declination at London 
in the last 265 years 1 What is the present declination at New York 1 What is meant 
by the Une ^ no variation ? Through what parts of this country does this Ihie pass ] 
yl'bat is said of the Tariatlon esst and west of this Une 1 
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ually ea>«t for a series of years, and then a^ain changing 
its motion to the west. East of this line, for a consider- 
able distance, the variation is west, but west of it the 
variation is east. 

527. Both the declination and the dip of the magnetic 
needle are subject to a variation according to the season 
of the year and the hour of the day. In this country the 
declination of the needle is greater in the middle of the 
day than in the night ; and this diurnal change is greater 
in summer than in winter. 

528. Theory of the Earth's Magnetism, — ^We are now 

|)repared to investigate a little more particularly the re- 
ation of the earth, considered as a great magnet, and 
small magnets at any place upon its surface. In the 
porthem hemisphere, especially in high latitudes, the pole 
near the north geograpnical pole of the earth is much 
nearer to us than the other magnetic pole, and it is its 
influence, therefore, which is chiefly to be noted. But 
this pole of the earth is a south pole — as we have seen 
(521) — that is, it possesses southern polarity, and therefore 
it draws toward it the north pole of the needle, and at the 
same time it repels the south pole, the eflfect on both poles 
tending to cause it to dip in the same manner. 

But, if the earth may with propriety be considered an 
immense magnet, acting like other magnets, we may, of 
course, expect it to have an inductive influence, as well 
as other magnets, on masses of iron and steel. And this 
is found to Be the case. Bars of steel that have stood 
long in a perpendicular position, and even bars of com- 
mon iron, are often found to have acquired a feeble mag- 
netism, the lower end being ia north and the upper end a 
south pole. Tongs and pokers, from their having some 
degree of hardness, and their being almost always kept 
nearly perpendicular, are generally magnetic, as will be 
seen by presenting the lower extremity very cautiously 

QuBSTioN 627. Do both the TariatioQ and dip of the needle hare a d^Iy change 1 
688. Which of the poles of the earth is nearest to us ? If the earth may be considered 
as a ipreat magnet, should we expect it to exert an inductive influence upon masses of 
iron or steel upon its surface ? What effect is produced upon bars of steel that have 
stood loo4' in a perpendicular position ? Which extremi^ is a north pole ? Bow is 
this accounted for 1 Why are tongs and polcers usually found to be magnetic 1 Hov 
may they be made to magnetize the blade of a penknife 1 
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to the north pole of a needle, or the upper end to the 
south pole. In either case slight repulsion will be pro- 
duced, which indicates the presence of similar poles. 
The blade of a penknife may often be magnetized by a 
pair of tongs, or a poker, so as to be capable of lifting a 
large sewing-needle. 

The magnetism of the loadstone, which is simply an 
oxide of iron possessing the mametic property, has no 
doubt been communicated to it oy the inductive influ* 
ence of the earth. 

520. The inductive influence of the earth's magnetism 
may, therefore, be made use of to form artificial m^nets, 
in the absence of all other magnetized bodies. Ttiis is 
best accomplished as follows : — Let the small piece of 
steel to be magnetized be suspended by threads to the edge 
of a table, in a north and south position, and then let two 
pokers be held, one above it and the other below it, at 

its centre, as is shown in 
the figure A. The upper 
poker is now to be carried 
to the south, and the lower 
to the north, as shown in 
B, both being kept in a ver* 
tical position ; aifter repeat- 
ing this several times, the 
Eiece of steel will generally 
e found to be fully mag- 
netized. The pokers, by 
standing long in a vertical 
position, are converted into 
magnets, by the inductive 
influence of the earth, their 
lower ends beins north 
poles (521,) and, by using 
two at the same time, in 
the manner described, the 
efiect is much increased. 
A. single poker and a pair of tongs will answer well to 
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QvMTioN 629. How maj the loduetWe inllueoce of ttat earth's magnetinn be made 
of to Ibrm artificial magneta 1 What is the explanation of fhia proceM T 
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perform the experiment, or any piece of iron that has 
stood some time in a vertical position. 

630. The Mariner* s Comptiss.'-^The compass is an in- 
strument fitted up with a magnetic needle and a grad- 
uated circle of metal, or a circular card, for the purpose 
of measuring the angles any objects make with the me- 
ridian. The mariner's compass usually has the needle 
attached to a circular card, which is suspended upon a 
pivot, and turns freely. When great accuracy is re- 
quired, it is evident, allowance must be made for the de- 
clination of the needle at the place ; this is especially im- 
portant for seamen, whose only guide across the pathless 
ocean is the faithful needle. So, also, local attractions 
often produce great derangement, as the vicinity of 
masses of iron, or iron mines, which must always be 
guarded against. The iron used in the construction of 
ships often produces a considerable derangement of the 
needle, and means have been devised to apply the neces- 
sary correction ; but the subject is too complicated to be 
here introduced. 

531. Electro-Magnetism. — This phrase is used to denote 
the magnetism which is induced in soft iron or steel by a 
cuiTent of electricity. The usual method is to insert the 
piece of iron in a helix of covered wire prepared for the 
purpose, through which a current of electricity from the 
galvanic battery is made to pass. The iron retains its 
magnetism only while the current is passing, but a piece 
of steel thus rendered magnetic retains it permanently. In 
the Author's course of lectures this subject, in all its de- 
tails, is discussed in connection with galvanic electricity; 
and is treated in both his larger and smaller works upon 
Chemistry. 

532. Theories of Magnetism. — Various theories have, 
at different times, been proposed to account for the phe- 
nomena of magnetism, but with little success. So far as 
any theory on the subject is now adopted, that which 

QuBStiON 630. What is the compaga 7 How is the mariner^a compass usaally con- 
structed 7 In the use of the compass must allowance always be made for the variation 
of the needle t Do local attractions sometimes affect the action of the compass 1 Wbar 
^'W^i^,?^ ^^ action of the iron used in the construction of ships up ^n the compass I 
681. What to electro-mafnetism T 
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supposes there are two mamietic fluids, a Boreal and an 
AustraU to the agency of which all magnetic phenomena 
are to be attributed, seems generally to prevail. These 
fluids, it is supposed, n^iturcQly reside in the particles of 
iron and other substances that are capable of becoming 
magnetic, in a state of combination. The particles of 
each of these fluids are supposed to attract those of the 
other, but repel those of the same kind. When these 
two fluids are in a state of combination they are entirely 
neutral, but become active when separated. This sepa- 
ration of the united fluids is produced by the inductive 
influence of either the one or the other acting alone, consti- 
tuting the pole of another magnet. In soft iron, as soon 
as the influence which produced the separation is re- 
moved, the particles of the two fluids again unite, and 
the magnetic phenomena disappear; but in hardened 
steel and the magnetic oxide of iron, and, indeed, in all 
other substances which may become permanently mag- 
netic, they are supposed to remain separated. 

But, though these fluids are thus separated, we are not 
to suppose that they are ever transported from one body 
to another, or even from one part to another of the same 
piece of iron or steel. We have heretofore seen (514) 
that when a bar magnet is broken into two pieces, in the 
centre, we do not have a north pole in one aiid a south 
pole in the other, as would be the ca^e if the two fluids 
were separated in the opposite extremities of the bar, but 
each piece is found to be a perfect magnet, having both 
a north and a south pole, precisely like the bar before it 
was broken. We must therefore suppose the two fluids 
are never separated from the particle to which they be- 
long, but are only removed to opposite sides of the parti- 
cle, as shown in the figure. Let 
S N be a bar m£^net consisting 
of two rows of particles, the 
austral fluid will all be collected 
on the sides of the particles to- 

n, and the boreal on the sides 
next to S, as shown by the letter s. The efiect of thus 
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separating the two fluids, in connection with the parti* 
cles of a piece of iron or steel, is to develop in it the ordi- 
nary properties of magnetism. 

533. It is known that in the centre of a magnet, that 
is, at a point equally distant from, the two extremities, 
there is no attractive influence ; but at a little distance 
from this point, toward either end, it begins to appear, aud 
increases quite to the ends which are caUed the poles. The 
reason of this is evident, if our theory is true ; for, except 
the extreme particles, each north pole is always in con- 
tact with a south pole, and, of course, the two should 
neutralize each other, so that the attractive influence is 
exerted only by the extreme particles, and extends to a 
certain distance from them in every direction. The in- 
fluence of each pole will therefore be neutralized at the 
central point between them. 

For a full discussion of the intimate relation between 
this branch of science and that of electricity, see Author's 
Chemistry. 

534. Diamagnet — This name has been given to a class 
of bodies which, when made into the form of bars, and 
placed between the poles of a magnet, tend to arrange 
themselves at right angles to the position which a similar 
bar of iron would take when brought under the same in- 
fluence. Bismuth, phosphorus, and antimony, possess this 
character. 



CHAPTER VII. 

t 

ELECTRICITY. 

> 

535. Definition. — -If a glass rod, or tube, that has re- 
mained untouched for some time, be held near a feather 
or other light body, suspended by a fine silk thread, 
nothing special is ODserved, though the glass be presented 

QVB8TI0M 635. If a drj glam tube to rubbed with a woolen cloth or tilk handkerchief; 
and then held near a feather or other light body, what it tha ellbct 1 If tlia faattMr ft 
allowed to touch the tobe, what la the rwolt 1 



ELECTRICITY. 335 

SO near as to touch it, and then withdrawn ; the feather 
maintains its position undisturbed. But let the glass tube 
be made dry and warm, and then rubbed briiXly for a 
few seconds with a woolen cloth or silk handkerchief; 
upon holding it near the feather now it is at once dis- 
turbed, evenwhen the tube is at some distance, and mani- 
festly tends to approach it ; and when the tube is brought 
sufficiently near, it suddenly darts to it, usually adhering 
for a moment, when it is repelled with equal force. 

536. It is evident that, by means of the friction with 
the cloth or handkerchief, a property has been imparted 
to the glass which it did not before possess, and by virtue 
of which it exerts an attraction upon the feather. But 
this property is not peculiar to glass ; pieces of resin, 
sealing-wax, amber, sulphur, &c., when rubbed in^ simi- 
lar manner, possess the same power of attracting other 
light bodies. 

The physical agent, whatever its nature may be, which 
is thus called into operation, in these and other substances, 
by friction, and to which the attractions are to be attrib- 
uted, is called Electricity. This name is derived from 
electron, the Greek name for amber, the first substance 
which was observed to exhibit the phenomena of attrac- 
tion just described. The first observations on the sub- 
ject that are on record were made by Thales, about 600 
years before the birth of Christ. 

^^^ 537. Electrical Attraction and 

/f^\ Repulsion, — To examine the 

' y various circumstances attend- 

ing the phenomena above de- 
scribed, let a glass tube an 
inch in diameter and two feet 
long be provided, and also a 
stick of sealing-wax an inch 
in diameter and 12 or 14 inches 
long, and a pith-ball electrome- 
^mctrietdAnrc^ion. tcr. This electrometer, or mea- 

% 

* QvBiTiON 536. What other sahfitaiiceB are mentioned as possessing the same pro> 
perty after being robbed 1 To what agent are these attractions and repulsions attrib- 
Qted 1 From what is Uie name electricity derived 1 637. What three pieces of appa^ 
rstiiB are recommended for pursuing our investigation in this subject 1 What is an 

29 
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surer of electricity, consists of a glass rod, A, fixed in a 

stand, and bent at top, so that a ball, B, made of the pith 

of the elder, may be suspended from it by a thread of silk. 

On rubbing the tube or sealing-wax with a warm and 

dry woolen cloth or silk handkerchief, and presenting it 

Aear the pith-ball, as at C, the ball is strongly attracted 

oward it, as to D, and, if not allowed to touch the tube, 

/main!) there until the glass or sealing-wax is moved. 

When a body is capable of producing this effect, it is 

said to be excited, and the result with the pith-ball is the 

same whether an excited glass tube be used or an excited 

stick of sealing-wax, provided the ball is not allowed to 

come in contact with it. 

When using the excited glass 
. tube, A, if the pith-ball, B, is al- 
lowed to touch it, it at once flies 
off, as to C, and remains there un- 
til the tube is removed, constantly 
manifesting a strong repulsion for 
it. If the finger is now touched 
to the ball, and then the same ex- 
periment repeated with the .stick 
of sealing-wax, the results will be 
precisely the same ; the pith-ball 
will at first be attracted, but after 
contact it will be as strongly re- 
pelled. 
538. Thus far, then, we have observed no difiference 
between the action of the glass tube and that of the seal- 
ing-wax ; both seem to have the same properties, both 
attracting the pith-ball, and, then, after contact, repelling 
it. But, having excited the glass tube, let us now pre- 
sent it to the pith-ball ; as before, it is attracted to the 
glass until coming in contact with it, when it is repelled. 
Next, let the -sealing-wax be quickly excited, and pre- 
sented to the pith-ball ; a strong attraction ensues ; but 

Oeetrometer 7 When Is a body said to be excited J If the p!th-ball is not allowed to 
touch the glass or sealing-wax, will the result be the same with both) If the pith-bftU 
is allowed to touch the excited tube, what will be the effect 1 638. So far as we faara 
DOW pursued our investigation, has any difference been obeerred between the action of 
the tube and that of the sealing-wax 1 But if we bring the excited tube in contact with 
the pitbball, so as to cause it to be repelled, and then present the excited sealing-^ 
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f the sealing-wax is removed, and the tube again pre- 
sented, it is repelled as before. 

If we had commenced with the sealing-wax, exciting it 
and bringing it in contact with the ball, and then pre- 
sented the excited glass tube, the phenomena observed 
would have been the same ; and we therefore find that 
when the excited glass tube attracts the pith-ball, the excited 
sealing-wax repels it; and when the sealing-wax repels, 
the glass attracts- 

• If, now, two pith-balls be suspended 
from the same support by silk threads, 
so as to rest in contact, when the ex- 
cited glass tube is brought near they 
will be attracted, as before, and then 
repelled ; but when the tube is with- 
drawn it will be found they no longer 
fall into the vertical position ; but, on 
the contrary, they repel each other, 
causing the threads by which they 
are suspended to diverge, as A and B. 
EUetridd RepuUion. If the stick of Sealing- wax had been 

used, the same effect would have been 
produced. 
639. Recapitulation. — By the above experiments the 
following facts, it would seem, may be considered as 
settled : — 

1. By the friction of the dry woolen cloth or silk 
handkerchief a quality is imparted to the glass and the 
sealing-wax, by virtue of which they become capable of 
exerting an attraction on the suspended pith-ball. 

2. After coming in contact with the excited glass or 
wax the state of the ball is changed, so that, instead of 
being attracted by the glass or wax it has just touched^ it 
is now repelled. 

3. When the pith-ball has once been in contact with 
the excited glass, and is repelled by it, it will be attracted 

what is the effect 1 If we had commenced with the excited sealing*wax, touching the 
ball with it, and then presented the eJC(Uted tube, would the result have been the same 1 
f f two pith-balls are suspended from the same support, and then toucbed with the ex 
cited tube or sealing-wax, what will be the effect f 63^ What are some of the conclu 
«ioD8 arrived at by the preceding experiments '^ 
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by the excited wax ; so, also, after it has been in contact 
with the excited wax, and is repelled by it, it will be at- 
tracted by the excited glass. 

4. When two pith-baJis have been brought in contact, 
either with the excited glass or sealing-wax, so as to be 
repelled by it, they also repel each other. 

640. Theories of Electricity. — To account for these 

Ehenomena, and explain them, the two following theories 
ave been proposed : — 
The theory first proposed is that usually ascribed to 
Dufay, and therefore called Dufay's theory; the other 
was proposed by our own illustrious countryman, Frank- 
lin. 

541. Dufay's theory supposes that all bodies in nature, 
in their natural state, always have in combination with 
their particles two fluids, which, however, so attract and 
neutralize each other, as to be entirely concealed. It 
supposes, also, that though each fluid strongly attracts 
the other, yet the particles of the same fluid are mutually 
repulsive, and tend to difluse themselves when unob- 
structed. When the two fluids are in a state of combi- 
nation in a body, no indications of either are perceived ; 
but when, by any means, they are separated, and either 
of them accumulated in a body, that body is said to be 
excited, and exhibits the various phenomena of electricity 
which have been described. 

One of the most common means of separating the two 
fluids is by friction, as above described, when one or the 
other of them accumulates in the body which is rubbed, 
and there manifests its peculiar properties. That fluid 
which usually collects on glass and other vitreous sub- 
stances by frictiqn is called the vitreous fluid, while that 
which is developed on sealing-wax and other resinous 
substances is called the resinous fluid, 

542. Franklin! s theory suppc^ses that there is in nature 
but one electric fluid, tne particles of which repel each 

QiTSBTiOM 640. What two theories have been proposed to acconnt for the phenom- 
ena orelectricit)r ) 641. How many fluids does tne theory of Dufay suppose All bodies 
to have in combination with them in their natural state 1 What is supposed to be the 
BUte of a body, on tbts theory, when it is excited ? What is the fluid called which 
usually collects upon siaas when it is rubbed ? What is the other called, which collects 
upon aealing-wax by friction ? 542. How manv fluids does Franklin's ihea y supposs 
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Other, but attract and are attracted by all other bodies. 
It supposes that all bodies, in their natural state, in which 
they exhibit no signs of electricity, contain a portion of 
this fluid, called their natural share ; and that, when they 
are excited, they are made to contain either more or less 
than their natural share. When a- piece of glass is 
rubbed, a portion of this fluid is supposed to pass from 
the substance used as a rubber to the glass, which, there- 
fore, is made to contain more than its natural share, and 
is said to be positively electrified. On the other hand, 
when a stick of sealing-wax, or other resinous substance, 
is rubbed, a portion of the fluid, contained in it is sup- 
posed to escape to the rubber, leaving in the wax, of 
course, less than its natural share ; and it is therefore 
said to be negatively electrified, 

543. It will be seen, therefore, that the positive elec- 
tricity of Franklin's theory corresponds to the vitreous 
of Dufay's theory, and the negative of the former to the 
resinous of the latter. 

Dufay's theory is now more generally received than 
that of Franklin, though the terms positive and nega- 
tive are universally used to designate the two fluids, 
in preference to the terms vitreous and resinous. 
But though Dufay's. theory is now most generally re- 
ceived, there are those who believe that all electrical 
phenomena may equally as well be explained by that of 
Franklin. 

644. When Bodies attract and when they repel. — ^By 
referring now to the experiments above described (537) 
it will be seen that when two substances are similarly 
electrified — ^that is, when they are both excited either 
positively or negatively — they repel each other; but 
when oppositely electrified — -that is, when one is positive 
and the other negative — they attract each other. 

545. Conductors and Non- Conductors. — By experiment 

to be contained in bodies in their natural state t When a piece of class Is rubbed, what 
is supposed to be the effect on this fluid ? What is the effect of friction on sealing- 
wax I What terms are used to indicate the state of the fflass and of the sealing-wax 
after being excited 1 643. What terms in the two theories correspond in meaning ? 
Which or these theories is now most generally received? 644. When do two bodies 
attract and when do they repel each other ? 645. Will electricity pass with equal &cil 
ity over the surfaces of all bodies ? Into what two classes are bodies dividea in refer 

29* 



340 NATURAL PHILOSOPHY. 

it is found that while electricity passes freely oVer some 
bodies, it refuses to pass over others, or passes over them 
with difficulty. The former are called conductors and 
the latter non-conductors. 

The metals are usually considered the best conductors ; 
and after these we may reckon charcoal, solution of salt, 
water, and living animals. 

The following are some of the most important non- 
conductors, viz. : — ^gum-lac, amber, sealing-wax, sulphur 
glass, silk, feathers, dry air, baked wood, and oils. 

No satisfactory reason has yet been given for this re- 
markable diflference in bodies ; all we can say with re- 
gard to it is, that such is their nature. 

546. When a body is surrounded entirely by non-con- 
ductors it is said to be insulated. Usually this is accom* 
plished by supporting the body, whatever it is, upon glass 
pillars, or suspending it by threads of silk. As the air, 
when dry, is a non-conductor, a very little only of the 
fluid will be conveyed away by it ; but when it is satu- 
rated with moisture, as it usually is in warm weather, it 
becomes a tolerably good conductor, and conveys the 
fluid away rapidly ; so that electrical experiments, at 
such times, succeed only with great difficulty. But it is 
believed by many that the fluid escapes, in such cases, 
not so much because of the direct conducting power of 
the moist air, as it does by the moisture -miich is de- 
posited upon the surface of the insulators used. 

547. If we again refer to the bodies which were used 
in performing the experiments with the pith-balls, it will 
be seen they are all non-conductors ; and but for this 
property the fluid, as it^ was excited, would have been 
conveyed away to the earth, and failed to make itself 
manifest in the manner we have seen. Hence it is that 
only non-conductors usually become electrical by fric- 
tion ; but conductors may also be excited by friction, 
provided they are first insulated. Thus, if a piece of 

ence to their conducting power 1 What are some of the best conductors 1 What ar« 
some of the principal non-conductors 1 546. When is a body said to be insulated' 
How is this usually accomplished 1 Why do electrical experiments succeed only with 
difficulty in a moist atmosphere^ 547. Why do non-conducting substances only 
usually Decome excited by friction ? How may a piece of iron, which is a conductor 
be excited 1 
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iron, whiuh is a conductor, be' supported oa glass pillars, 
in a dry atmosphere, and struck several times with a cat's 
skin, it will be found to be feebly escited. 

548. Electrical Light. — When an excited body is held 
in a dark place — or, better, when a body, as a glass tube, 
is excited in a dark room — faint flashes of light will be 
seen upon its surface, accompanied by a crackling noise. 
If the body is perfectly electrified, as when the glass tube 
is used, and a pointed wire or needle be presented to it, ' 

a bright spark will be 

A B seen upon its point, as 

represented at B, in 
the figure. If the body 
is negatively electri- 
fied, and a pointed 
wire be presented to 
it, a luminous brush 
will appear on its 
point, as shown on A. 
In the first case we may suppose the positive fluid to be 
passing on at the point, or the negative fluid to be passing 
ofl*, for the eflfect is the same ; so, in the second case, 
when the brush of light appears, we may consider the 
positive fluid as passing ofl* from the point, or the nega- 
tive fluid as passing on, the result being the same. 

Effect of Points. — Electricity can not be long pre- 
served on a body, even when well insulated, if there are 
any points projecting from it, as the fluid passes freely 
and silently from pomts into the air, and is lost. Nor 
can the fluid be retained on an insulated body if there 
are points of other inducting bodies near turned toward 
it. The fluid will escape rapidly to these points, and be 
conveyed away. 

549. Both Electricities always excited simultaneously. 
— Though we have spoken of glass as always becoming 
positively excited by friction, and sealing-wax always be- 
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coming negative, yet this is not strictly the case. It is 
found that when two bodies are rubbed together, both 
electricities are always excited in an equal degree, one 
of them passing to one of the substances and the other to 
the other. This may be proved experimentally by stand- 
ing on a stool with glass legs, called an insulating stool, 
or on a cake of beeswax, when the glass tube is excited ; 
the tube then becomes positive, and the person and rub- 
ber negative. To show that the person himself becomes 
negative by exciting the glass, let him, while standing 
on the insulating stool, present his hand near a suspended 
pith-ball, previously made negative by touching it with 
the excited sealing-wax. As both the ball and the 
hand will then be negative, the ball will, of course, be 

repelled. 

An insulating stand, used for this 
purpose, is represented in the mar- 
ginal figure. It consists of a piece 
of strong plank, of suitable size, 
with strong glass pillars for legs, 
inmoating Stand. which are usually coated with var- 

nish. 
When smooth glass is rubbed by any substance except 
cats' fur, it becomes positive, and the rubber negative ; 
but if it is rubbed with this substance, the glass becomes 
negative and the fur positive. SeaJing-wax becomes 
negative when rubbed by any substance except a piece 
of rough glass or sulphur, both of which communicate to 
it the positive electricity. When paper and sealing-wax 
are rubbed together, the paper becomes positive and the 
* wax negative ; but when paper and smooth glass are rub- 
bed together, the positive fluid goes to the glass and the 
nt^jgitive to the paper. 

65i). Tlie Electrical Machine, — By rubbing a glass tube 
or a stick of sealing-wax a number of times, and then 
passing it over an insulated conducting substance, so as 

tricities always excited 1 How may this be proved experimentally 1 What will be th« 
electrical state of the rubber and the person holding it 1 * How is the • Insulating staofl . 
formed? What substance, by friction, renders glass negative? What substances, by ' 
friction with sealing-wax, render it positive 1 What is said of the effect produced by 
rubbing together paper and sealing-wax, and paperand glass ? 660. How may an inau- 
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jQ touch it, as a ball of metal supported on a glass pillar, 
a considerable quantity of electricity may be collected ; 
but the process is necessarily tedious. To accomplish 
the same object more readily and conveniently, the elec- 
trical machine has been invented ; the essential parts of 
which are a glass cylinder or plate, capable of being turned 
by the hand ; a rubber, usually made of leather or silk, 
and placed so as to press against the cylinder or plate ; 
and a prime conductor, to receive the electricity as it is 
generated. It is made of metal, and supported by glass 
pillars. 

The above are the essential parts of all electrical ma- 
chines, but they are made of various forms, as caprice or 
fancy may dictate. The figure on the next page represents 
a beautiful double-plate machine, made by Pixii, of Paris, 
which belongs to the Wesleyan University. A B is a 
firm base of wood, well framed together, and mounted *on 
castors ; P P are two circular glass plates, each thirty-six 
inches in diameter, placed on the same axis, so as to be 
turned at the same time by the handle, H ; and to each 
plate are four rubbers, R R R, <fcc., placed at the top and 
bottom in pairs, one at each place, pressing against the 
plate on each side. From each rubber a flap of oiled silk, 
r, extends a distance, to prevent the electricity from 
being dissipated before reaching the prime conductor. 
C C C C is the prime conductor, made of sheet brass, and 
supported ty four strong glass pillars ; it receives the 
electricity from the plates by points which project from 
it toward them on both sides, some of which are seen in 
the figure. 

551. To increase the efiect of the electrical machine, 
the surface of the rubber is usually spread over with an 
amalgam, made by melting together one part of tin, two 
of zinc, and then when nearly cooled, pouring in four or 
five parts of mercury. When cold it is to be ground lo 



lated condactor be electrified brme^tas of a |^as8 tube or stick of sealing-wax 1 What 
ia tile design of the ekctriealJImj^nel, What are its essential parts 1 What is the use 
oftbe glass cylinder or platflKf the ni^r 1 Of the prime conductor 1 What is the 
rubber made of 1 Howie tRFeilctrtcity' r«oeiyed upon the prime conductor? 551. 
What is the use of the amalgam spread upon the rubber f What is it made o(1 
Should the rubber be insulated whevthe machine is used 1 
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a finQ powder in a mortar, and mixed with a sufficieot 
qaantity of lard or tallow to make it adhere well to the 
leather or silk of the rubber. 

In order that electricity may be freely developed by 
thp machine, the rubbers must not be insulated, as, in this 
case, while the prime conductor becomes positively elec- 
trified, the negative fluid accumulates in the rubbers, and, 
after a few turns of the plates, little further effect can be 
produced. But if the xubbers are uninsulated, the nega- 
tive fluid passes off freely to the earth, while a constant 
supply of the positive is afforded for the prime conductor. 

When the machine is to be used it should be placed so 
near a fire as to be slightly warmed, and every part made 
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jperfectly dry. It should also be made perfectly clean, and 
even the dust should be carefully wiped from every part. 

By means of the electrical machine the preceding ex- 
periments are readily performed, as well as others to be 
hereafter described. 

552. Phenomena of the Electric Spark. — ^When electri- 
city is passing freely over conducting substances, no indi- 
cations of it are seen ; it passes silently along, and, if the 
conductor is not insulated, mingles with that rn the great 
reservoir, the earth. But when its passage is interrupted 
by a non-conductor, if its intensity is, sufficient, it darts 
across or through the non-conductor, presenting the ap- 
pearance, in the dark, of a bright spark, and attended 
with a smart report, depending upon the size of the 
spark, and the resistance it had to overcome. 

The spark will be seen by presenting the knuckle near 
the prime conductor of the electrical machine, as it u 
worked ; and at the same time a slight stinging sensation 
will be produced on the knuckle. The spa& will be seen 
better if, instead of the knuckle, a metallic ball, on the 
end of a piece of wire held in the hand, is presented to 
the conductor. The size of the spark, and the distance 
through which it will strike, will depend on the intensity 
of the fluid, collected in the prime conductor, and also 
upon the diameter of the ball presented to it. The color 
of the spark will vary, being sometimes red, then purple, 
or white or bluish. It seldom passes in a straight line, 
but makes a zigzag course. 

The human body is a good conductor of electricity ; 
and if a person places himself upon an insulating stool, 
and holds in his hand a chain connecting with the prime 
conductor, as the machine is turned the electricity will 
accumulate in every part, so that a spark may be dr^wn 
from his hands, feet, or face, in the same manner as from 
the prime conductor. 

It the person upon the insulating stand holds a metallic 
— ■■»■ ■ ., I , < ■ , 

QuBBTioN 6S2l Are any signs of electricity manifested when the fluid passes freely 
over good condactors 1 What is the appearance when it darts over non-conductors 1 
How mar the spark be obtained from the prime conductor 1 What is the sensation 
produced 1 What is said of the color of the spaxk 1 How may the spark be received 
from the face or hands of a person 1 How may ether be inflamed by the spark 1 W*ui 
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spoon filled with ether, in his hand, and another standing 
upon the floor presents his knuckle so as to draw a spark 
from the liquid, it will usually be inflamed. 

When the electric spark is made to pass through a 
chain, the links of which are short, in a dark room, it ap- 
pears luminous through its whole length by the spark 
passing from link to link. 

Let A B be a glass tube, an inch in 
diameter and two feet long, having a 
spiral formed on it from end to end, by 
pasting on small pieces of tin-foil, so 
as to be at a little distance from each 
other. If, while the machine is turned, 
one end of this is held in the hand, and 
the other presented to the prime con- 
ductor, the electric spark will dart from 
piece to piece of the tin-foil, producing 
a train of light over the spiral through 
the whole length of the tube. The 
light will, of course, be seen best m a dark room. 

Let a plate of glass 
have a very narrow strip 
of tin-foil pasted on it, 
commencing at A and, 
after going several times 
backward and forward, 
terminating atB; then let 
several letters be formed 
by removmg portions of 
the tin-foil, as LIGHT, and when the electric spark is 
made to pass over the foil from A to B, the word light 
will be seen written in letters of fire^ 

553. Motion produced by Escape of Fluid, — As the 
fluid escapes from a point of a cond«cting substance, it 
tends to produce motion in the point in the opposite direc- 
tion. Let A B C D be a cross made of metal, the points 
of all the wires being bent at right angles in the same 
direction ; and let it be supported at the centre upon a 
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will be the apptfarance in the dark if the spark is received upon a tabe on which a q)irA 
of pieces of tin-foil has been formed 1 663. How may morioo be produced by the escape 
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point fixed in the prime conductor, 
E, of the electrical machine. When 
the machine is worked, the fluid es- 
caping from the metallic points will 
cau3e the cross to revolve rapidly in 
the direction shown by the arrows, 
exhibiting, in the dark, a complete 
circle of Tight, as it escapes from the 
points. 

The experiment may be modified 
in the following manner, which shows the mechanical force 
that is exerted. Let T be a stand of wood, with four pillars 
of glass fixed in it, supporting the inclined metallic wires, A 
B and C D ; and let 6 H I M be the metallic cross, having a 
horizontal axis, E F, also of metal, resting tfpon the inclined 
wires. Let a chain now connect one of the inclined 

wires, as A, with the prime 
conductor of the machine ; 
and as it is turned, and 
the fluid escapes from the 

!>oints of the cross, as be- 
bre, the recoil causes it to 
revolve around the axis, 
E F, with suflicient force 
to roll up the inclined 
plane. 

The electrical orrery is 
a very beautiful toy, constructed so as to revolve on the 
same principle, by the escape of the electric fluid from 
points. Let S represent the sun, E the earth, and M the 
moon, the several bodies being made of such a weight 
respectively, that S, when suspended on a wire, W, as in 
the figure, may just balance both E and M, and E just 
balance M ; the end of the wire, W, being bent upward, 
so as to serve for a pivot to support E and M. The 
three bodies, thus arranged, are supported on an insulating 
stand, the metallic point. A, being attached to a cap which 
is cemented upon a glass pillar. A metallic chain con- 
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of nleetriettjr from a point 1 How is the deetrteal orrery conctracted 1 How ie ttie ex- 
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nects A with the prime 
conductor of an electrical 
machine, and at P is a 
metallic point, and also in 
M, from which the electric 
fluid escapes, causing M to 
revolve around E, and both 
M and E to revolve around 
S. More properly, S and 
the other two bodies, con- 
sidered as one, revolve 
around their common cen- 
tre of gravity, as M and E 
do, also, around their cen- 
tre- of gravity; which, in 
fact, is what really takes place among the bodies of the 
solar svstem here represented. 

In all these experiments, in which motion is produced 
by the escape of electricity from a point, the result is the 
same, whether it is the positive or the negative fluid that 
is used. 

Images made to Dance, — An amusing experiment is 
performed by cutting several images in paper, and placing 
them between two metallic plates, the upper one of which, 
A, is suspended by a chain from the prime conductor of 
the machine, and the lower one, B,. connected with the 

earth. When the machine is turned the 
8 images are attracted by the upper plate, 

^JL^. but as soon as they come in contact with 
^ ^^\ it they are repelled, and fall ; but striking 

again on the lower plate, their electricity 
is discharged, and they are again attracted 
to the upper plate, as before. They are 
thus made to dance in the most lively 
manner, skipping from side to side, as cur 
rents of air may happen to move them. 

Electrical Bells, — Suspend from a rod 

fixed in the prime xsonductor the piece of 

imagea. apparatus called the electric bells, which 

periment of the dancing images condaoted 1 What causes the bells to ring ? Describe 







ELECTRICITY. 



349 










EUetrieal BtUt. 



consists of three bells, ABC, 
attached to a metallic rod ; the first 
two, A and B, by metallic chains, 
and C by a cord of silk. Between 
the bells hang two clappers, by silk 
threads, and from the central bell, 
G, a chain extends to the table or 
floor. On turning the machine 
.the bells A and B, being connected 
with the prime conductor by con- 
ducting substances, will become 
positively electrified, and will therefore attract* the clap- 
pers, which, however, after contact with A and B, are 
immediately repelled by them, and attracted by the cen- 
tral bell, C. On coming in contact with this, they dis- 
charge their electricity, received from A and B, and are 
a^ain attracted by them, as before ; and thus a constant 
rmging is produced, as long as the machine is turned. 
At every motion of each clapper, a portion of the fluid 
is transferred from the outer bells to the central one, and 
thence to the earth, the superabundant electricity of the 
prime conductor being thus gradually discharged. 

Oariovs Instance of Attraction. — ^Let A and B in the 
figure be two small cups of brass, about two inche% apart, 

and both of them insulated; 
then let a small piece of phos- 
phorus be put in. each, and a 
lighted candle placed midway 
between them. If now one 
of these cups is excited posi- 
tively and the other nega- 
tively, the flame of the candle 
will be disturbed and will in- 
cline to the negative cup, 
which will soon be so much 
heated that the phosphorus in 
it will be inflamed, while the 
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Other cup remains cold, and the phosphorus in it not even 
melted. 

The reason of this is found in the fact that the flame 
of the candle is slightly positive, and is therefore attracted 
by the negative ball, and repelled by the other which is 

!)ositive, both influences operating to drive the heated air 
rom the candle against the negative ball, so as to heat it 
as we have just seen. 

Glass Vial fractured, — The electric 
spark may be made to pass through glass. 
For this purpose let an ounce vial, A , partly 
filled with olive oil,.be suspended from the 
prime conductor of the machine by a wire 
passing through the cork and bent so that 
the end may press against the glass on the 
inside, as shown in tne figure. When the 
machine is turned, the point of the wire 

becomes highly electrified ; and by pre- 

ataaa rraetut^. scnting ucar it a metallic ball, or even the 

knuckle, a discharge will take place through 
the side of the vial, a very small perforation being made 
just at the point of the wire. By turning the vial a little, 
and making a line of perforations quite around it by isuc- 
cessive discharges, it may at length be broken in two. 

554. fThe Electric Fluid resides upon the Surface of 
Bodies. — The electric fluid or fluids reside entirely upon 
the surface of bodies, as a hollow sphere of gold is capa- 
ble of containing just as much electricity as if it were 
solid. Indeed, it seems to be retained merely by the 
pressure of the atmosphere, since, if an insulated body be 
excited and placed under the receiver of the air-pump, it 
loses its electricity almost instantly when the air is ex- 
hausted. 

To demonstrate that the electricity of an excited body 
resides upon the surface, let A be a metallic ball sus- 
pended by a silk thread so as to insulate it, and B B two 
thin hollow covers made of gilt paper, and provided with , 

glass handles. Then let a spark of electricity be com- 

drssTioN 564. Do the fluids in f xcited bodies rende entirely upon the surfhce 1 How 
la thie proyed experimentally i ' 
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municated to the ball A, and the covers B B immediately 
and carefully applied by means of the handles, and then 
removed. Upon examination it will be found that the? 
whole of the fluid has been transferred from the ball to 
the covers. 

555. The Spark passes freely in a Vac 
uum. — The electric spark will pass much 
further in rarefied air than under the full at 
mospheric pressure. Let A be a glass re 
ceiver, with a metallic cap cemented on at 
each extremity. Connected with the cap C 
is a stop-cock and screw, by which it may 
be attached to the air-pump; and also a 
wire, with a knob at the extremity, extend 
ing a distance into the receiver. Through 
the other cap, B, a wire passes, air-tight, 
with a knob at each extremity. By holding 
this in the hand, by the cap, C, near the 
prime conductor, it will be found the spark 
will pass further when the air has been 
partly exhausted than it would before the 
It is, of course, understood that the wire, B, 
is made to slide in the trap, so that the balls within the 
receiver may be adjusted to different distances from each 
other, as may be necessary. If the experiment is con- 
ducted in a darkened rooip, when the air in the receive i 
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QuBBTioN 666. Will the spark pan farther in rarefied air than under the fiill atmo» 
oheric preasiire 1 What is said of the appearance of the electrical light, as the fluid 
passep through air highly rarefied 1 



.'^52 NATURAL PHILOSOPHY. 

is highly rarefied, and the ball B held in contact with 
the prime conductor, as the machine is turned, a beauti- 
ful stream of pale light, not unlike that of the aurora 
borealis, will be seen between the balls in the receiver. 
If a receiver several feet long is used, a faint nebulous 
light will be seen to play through its whole length. 

666. Discharge of Electricity, — When a body is 
charged with electricity it may be discharged in three 
different ways. 1. The fluid may be conveyed away by 
a conducting substance, as a wire, extending from the 
excited body to the ground. This is called ihe conduc- 
tive^ discharge, 2. The fluid may pass by a spark, as 
when the knuckle is held near an excited body, or when 
the spark is made to pass through the side of a glass vial ; — 
the disruptive discharge, 3. The fluid may be conveyed 
away from an excited body by a motion communicated 
to the particles of air in contact with the body. This 
always takes place to some extent when a body is excited, 
though it is scarcely perceived. It is called the convective 
discharge. By this discharge the fluid collected in a body 
will, in all cases, in process of time, be conveyed away. 

To understand why the particles of air in the vicinity 
of the excited body should be put in motion, it is neces- 
sary only to refer to what takes place when the sus- 
pended pith-ball is brought near it (587.) The particles 
of air are first attracted, and then repelled, each of them 
carrying with it a portion of the electricity of the ex- 
cited body, until it is all discharged. 



INDUCTION OF ELXCTRICITT. 

557. When an electrified body is brought near another 
which is unelectrified, the natural electricity of the latter 
is disturbed bv the influence of that accumulated in the 
former ; and the term induction is used to indicate the 
general phenomena that ensue. 

QnxsTioN 566. When a body is clmrgred with electricity, in what three ways may if 
be dlBcbarged 1 Why are the particles of air In the vicinity of an excited body pat in 
fjDOtion l^ 557. What is the effect when an electrified body is brought near one that ia 
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Let A B be an insu- 
lated cylinder of metal, 
in its natural state, and 
let S be a sphere, coated 
with metal and support- 
ed on an insulating pil- 
lar. Then let a spark 
of positive electricity be 
communicated to the 
sphere, S; it will in- 
stantly act upon the 
natural electricities oi 
the cylinder, A B, which, upon examination, will be found 
to have positive electricity at the extremity B, and nega- 
tive electricity at the other extremity, A, while near the 
centre, between them, it will be neutral. No electricity, 
it is supposed, has passed from the sphere to the cylinder, 
but the free electricity of the sphere has exerted an injSu- 
ence upon the natural electricity of the cylinder, decom- 
posing it, and attracting the negative to the end A, and 
repelling the positive to the end B. 

558. If the sphere, S, had been negatively electrified, 
the same effect would have been produced upon the elec- 
tricity of the cylinder,^ B, except that the end A would 
have become positive and the end B negative. Whether 
the sphere were electrified positively or negatively, the 
part of the cylinder furthest from it would have the same 
kind of electricity, and the part next to it the opposite 
kind. In either case, too, on the removal of the excited 
body, the natural electricities of the cylinder combine, 
and it again becomes neutral in every part. 

By some the sphere, S, is called tne inductive, and the 
cylinder, A B, in this experiment, the inductric body. 

559. If the finger be presented to either end of the cyl- 
inder, AB, while under the influence of the excited 
sphere, S, a spark will be received ; and on the removal 

anelectrified 1 Wben the excited sphere, B, it broufht near the imnilated cylinder, 
A B, what effect is produced opon tne natural electricity in A B 1 658. If the sphere, 
B, had been negatively electrined, what would have been the result 1 If the excited 
iKKly is removed, what will be the effect 1 669. If, while the sphere, S, is near A B, the 
finftliT is presented to one of its ends, what will b« the •ffectl If the sphert be now 
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of the sphere, A B will not be neutral, as before, but there 
will be an excess of one or the other, according as the 
finger may have been presented to the positive or nega- 
tive (568) part of the cylinder. 

If the inductive sphere had been placed near the centre 
of the cylinder, then both extremities would have the 
same electricity as the sphere, and the centre the opposite 
kind. In any case that part, or those parts, of the indue- 
trie (it being supposed to be insulated) furthest from the 
inductive will have the same, and the part nearest to it 
the opposite kind of electricity from that of the inductive. 

660. A good method of 
showing the inductive in- 
fluence of an electrified 
body upon another in its 
vicinity, in its* natural 
state, is as follows : — Let 
A B be a metallic cylin- 
der, insulated upon a glass 
pillar, bent over at top so 

as to be attached to the 

/ndttcfton. Upper sidc, and let a couple 

of pith-balls be suspended 
from it by cotton threads at each extremity and at the 
centre. While the cylinder is in its natural state the 
balls will hang vertically, but on bringing near the ex- 
cited sphere, S, the balls at each extremity will diverge 
with free electricity, while those in the centre will be un- 
afiected. The balls at B diverge with the same kind ol 
electricity as is contained in the sphere, S, but the balls 
at A with the opposite kind. 

If the inductric is not insulated, and is of limited extent, 
the whole of it, while under the influence of the induc- 
tive, will take the opposite kind of electricity, that of the 
same kind naturally existing in it being driven into the 
earth. 

removed, will tbe cylinder be neutral 1 If the sphere is placed opposite the centre of 
the cylinder, wtiat kind of electricity would the ends be found to have ? 660. If the cyl* 
inder have several pairs of pith-balls suspended from it by cotton threads, as in toe 
next figure, how will those suspended from different parts be affected when the excited 
sphere is brought near one end ? If the inductric is not insulated, and is of limited ex- 
tent, what wilTbe the effect of the inductive upon iti 
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561. We have heretofore seen (544) that similarly 
electrified bodies repel each other, while bodies dissimi- 
larly electrified attract. This principle will, no doubt, 
serve to explain the phenomena of induction, as the sep- 
aration of the electricities naturally existing in a body, 
in the manner we have seen, when brought near another 
excited body, seems to be only a natural and necessary 
result of it. 

The particular explanation of the fact will be a little 
difierent, according as we adopt one or the other of the 
two theories of electricity. Upon the theory of Franklin, 
the excited body, if positive, when it is brought near an 
insulated body, repels the natural electricity to the fur- 
thest part, and of course leaves the part nearest it with 
less than its natural share, or negative ; but if the excited 
body is negative, it attracts the natural electricity of the 
conductor to the part nearest it, and of course leaving 
the opposite part negative, or with less than its natural 
share. 

On the theory of two fluids we must believe that the 
excited body, or inductive, when brought near the insu- 
lated conductor, or indue trie, decomposes the natural 
electricity in it, attracting the kind opposite to itself to 
the nearest part of the conductor, and expelling the kind 
the same as itself. 

We may here see why light bodies are attracted when 
brought near an excited body ; they are evidently first 
rendered electrical by the inductive influence of the ex- 
cited body, and then attracted by virtue of their being in 
the opposite electrical state. Electrical attraction 
never takes place between two bodies unless they are in 
opposite states. So, when the attracted body has once 
come in contact with the excited body, it takes a portion 
of its electricity, and is then repelled as having the same 
kind of electricity. 

562. In these expenments nothing but air has been 
supposed to intervene between the excited body called 

QvssTioN 661. Why are light bodies attracted wheu broaght near an excited body 1 
Why is the pith-ball of the electrometer repelled after contact with an electrified body 1 
602. Will the inductive influence of an excited body be exerted through other non-con* 
daetiog sabstances beaides air 1 
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the inductive, and the inductric, or body acted upon ; but 
the same efiect, though in different degrees, will be pro- 
duced through glass, wax, sulphur, or other non-conduct- 
ing substances ; which, when thus used, are called die- 
lectrics, 

563. The Electrophorus. — The elec- 

A tropJiorus, or electricity bearer, is an in- 

(1 strument for readily obtaining small 

W quantities of electricity. It consists of 

-^P^J^^^ a circular cake of resin, contained in a 

shallow tin dish, C D, and a circular 
metallic disc, A B, a little smaller than 
7%» Eieetrophonu, the cakc of rcsiu, furnished with an 

insulating handle of glass. To charge 
it, the metallic disc is removed, and the surface of the 
resin rubbed with a piece of drv warm flannel, by which 
it becomes negatively electrified, and is capable of retain- 
ing its electricity for a great length of time. If the me- 
tallic disc, A B, be now placed upon it, by means of its 
insulating handle, its na,tural electricity will be decom- 
posed hy the inductive influence of the resin, its positive 
electricity being attracted to the lower surface, while the 
negative is expelled to the upper surface. If the plate of 
metal is removed by its insulating handle, the electrici- 
ties at once unite as before, and no indications of elec- 
tricity appear ; but if, while it rests upon the cake of 
resin, the finger is touched to the upper surface, a spark 
of negative electricity is received ; and, after being re- 
moved from the resin by its insulating handle, it will be 
electrified positively ; that is, an excess of positive elec- 
tricity will be contained in it, and a smart spark of posi- 
tive electricity may be received firom it. 

As no electricity is taken from the cake of resin in this 
experiment, if the disc is again applied to it, the same 
results will follow as before for almost any number of 
times. A cake of resin, prepared in this manner, has 
often been known to retain its charge for weeks, and 

AuBSTioK 663. What is the deetrophorua f What does' It coniist of 7 How ia n 
cnarged 7 When the cake of resin is charged by firictioo, what is the efftot upon the 
natural electricity of the metallic plate when placed upon it 1 If the finger be now pre- 
sented to the upper surface of the plate, what will be the effect 1 If the plate is tnea 
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even months, though not without some loss of intensity. 
The electrophorHs may therefore often be used as a sub- 
stitute for the electrical machine, when only small quan- 
tities of electricity are required. 

The resin cake may easily be prepared by melting to- 
gether two parts of shel-lac and one part of Venice tur- 
pentine, and pouring it, while warm, into the shallow 
metaJlic dish prepared for it. Care should be taken that 
the surface be made perfectly smooth and even. When 
the surface of the resin is negatively excited, the metal 
composing the dish will always be positive, 

S84. An amusing and not uninstructive experiment 
may be performed with the cake of resin thus prepared, 
as follows : — Let it be entirely free from electricity, and 
then touch it in several places with some positively elec- 
trified body, and afterward in several other places with 
another body negatively excited. Then grind together 
some fine red lean and sulphur, and introduce the mix- 
ture into a common hand-bellows, and blow it against 
the face of the cake standing on its edge. The two sub- 
stances will entirely separate from each other, one adher- 
ing to those points which were touched by the positively 
electrified body, while the other will attach itself only to 
those places touched by the negative body. The reason, 
no doubt, is, that the red lead and the sulphur, by friction, 
become excited, one positively and the other negatively, 
so that, when blown against 
the cake of resin, each is at- 
tracted to those parts of its 
surface which is in the state 
the opposite of its own. 

The red lead dust will attach 
itself to the spots which have 
been negatively electrified, ahd 
will appear arranged in small 
circles with well-defined edges, 
as shown at A, in the figure, 

rhu wUJ be ill eleclrlul mttt 1 May (hli procns b> 
i^rBlilDiUchargel Degcrlbe the uptridieiil wLtb 
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but the sulphur will arrange itself in th^ form of stars on 
the spots that are positive, as at B. 

The resin plate must be wiped perfectly clean with a 
linen towel, some time before it is to be used, so that all 
the electricity excited upon it may be dissipated ; and the 
best method to excite the spots upon it is to charge a Ley- 
den jar (soon to be described) positively or negatively, 
as is required, and, holding it in the hand, to touch the 
plate with the ball at the top. 

^i^565. Electrometers, — There are two kinds 
of electrometers — ^those which are used sim- 
pler for determining the presence of free elec- 
tricity, and those which are used for deter- 
mining both its presence and its intensity. Of 
the first kind is the suspended pith-ball, of 
which no further description is needed. 

The gold-leaf electrometer is a more sensi- 
tive instrument, and may be used to indicate 
the presence of smaller quantities of electricity. 
It consists of a cylindrical glass vessel, vdth a 
metallic bottom and a metallic cap at top, from 
which two narrow slips of gold-leaf are suspended, in the 
inside. When an electrified body is brought over the 

instrument, the gold leaves are made to 
diverge by the electricity induced in 
them by the excited body. The instru- 
ment is exceedingly delicate. 

The quadrant electrometer, consists 
of a graduated semicircle of ivory, A, 
attached to an upright support of wood, 
D, and a light ijadex, terminating in a 
pith- ball, C, and moving on a pin fixed 
in the centre of the graiduated semicir- 
cle. When this instrument is placed on 
any electrified body, as the prime con- 
^ ductor of the electrical machine, the 

Quadrant Electrome- • j • i x • v i • i 

ter. index IS made to nse by repulsion ; and 
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the degree at which it stands is supposed 
to indicate, with some accuracy, the com- 
parative intensity of the chaise. 

666. The Leyden Jar. — This piece of 
apparatus has received its name from 
the city of Leyden in Holland, where it 
was invented. It is simply a glass jar or 
vial of convenient size, coated internally 
and externally with tin-foil, except a space, 
some three inches wide, around the mouth. 
For conveniently inserting the inside coat- 
ing, a vial with a wide mouth is usually 
selected. Through a varnished wooden 
cover, A, which closes the mouth, a brass wire passes, 
having a ball at top, and at its lower end a chain, B, 
which extends to the internal coating. 

To charge the jar the knob at top is to be held near 
the prime conductor of the machine, while the machine 
is turned. The positive electricity then collects rapidly 
on the inside coating, and by its inductive influence on 
the outside coating, causes an equal quantity of the negar 
tive lo collect there> at the same time expelling the posi- 
tive naturally contained in it ; so that, when the jar is 
charged, the two surfaces are in opposite electrical 
states. 

567. When charging the jar the outside m\^st not be 
insulated, as in that case the positive flui^ which is nat- 
urally contained in it could not escape, and then the in- 
side coating would not receive the positive fluid from the 
prime conductor. 

A series of jars may be charged at the same time by 
connectitig the external coating of the flrst with the knob 
of the second, the external coatins of the second with the 
knob of the third, and so on, all except the last being 
supposed to be insulated. Let A B C D be four Leyden 
jars, placed on insulating stools, and connected together 



QvBSTioif 606. Ftom what dOMth« Lejdenjarrecetre iti iiam«1 How is it coiw 
■tmcted 1 How i« it charged 1 As the internal aarface becomes charged with positiTa 
atoctricity, what affect is produced on the external coating 1 667. Can the jar ba 
charged while the external coating is insulated 1 What is the reason 1 How may a 
series of Jars be charged at the same time Y 
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as Bhown in the 
figure, the koob of 
the first. A, being 
connected witn 
the prime con- 
ductor. As the 
positive fluid ac- 
cumulates in A, it acts by induction on the outside coat- 
ing, separating its natural electricities, and causing the 
negative to accumulate in it, while the positive passes 
along the chain to the inside of B. In B the same effects 
are then produced as in A, and so on to the end of the 
series, the outside of the last being connected with the 
floor of the room. 

566. The jar, as usually charged, contains, as we have 
seen, positive electricity in the internal coating and neg- 
ative in the external coating ; but it may be charg^ 
negatively ; that la, so that the electricities of the coat- 
ings may be the reverse of the above. This is done by 
insulating the outside of the jar, and connecting it with 
the prime conductor, at the same time extending a wire 
from the knob to the table on which the apparatus is 
placed. 

The charge of 
the jar resides in 
the surface of the 
glass and not in the 
coatings of metal 
which serve only 
for conductors. 
Thismay be shown 
in the following 
manner. Take a 
glass vessel A with 
open top, and pro- 
vide two sets of 
movable coatings, which may be made of conunon tinned 
iron. Then having arranged one set of the coatings with 

MS, How HUT tha Jar b* ehaijed mfUltctr 1 Do<a (h< eburft nahl< !■ 
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the glass, as A, in the figure, it will be found that it may 
])e charged and discharged in the ordinary n\anner. 
Lastly, having charged it with one set of coatings, by 
careful management these may be removed, and the other 
set, B and C, substituted, and still the charge will be pre- 
served, as will be shown by applying the discharging rod 
If the coatings first used are examined when first re- 
moved from the glass, they will be foimd to be quite desti- 
tute of electricitv. The fluid is therefore retained in the 
surface of the glass, and the only purpose served by the 
coatings is as conductors. 

569 The Leyden jar is discharged by forming a con- 
nection oetween the internal and external coatings, when 
the two electricities combine with a loud report. By 
making: the communication with the hands the fluids pass 
through the system, producing the electric shock. 

To prevent the passage of 

/^ the charge through the person 

y/^"'^^ when discharging the jar, the 

y^ discharging-rod is used. This 

^mu^^KrQsQ instrument is made of two stout 

^^^^^^^\. wires, connected by a joint, 

>v like a pair of compasses, and 

^^""^ terminated by knobs, and fixed 

Diaekarging Bod. to an iusulatiug glass handle. 

By means of the joint it may 
be Opened to diflerent distances, as may b^ required. 

The Diamond Jar.— Some interesting experiments may 
be performed by means of jars having the coatings inter- 
rupted. Diamond jars are formed by pasting spall pieces 
of tin-foil at short distances from each other, both out- 
side and inside, except at the bottom, which is entirely 
covered. Suppose, now, that the knob is connected 
with the prime conductor ; as the chain extends to the 
bottom of the jar, the coating there will become charged 
first, and the duid will extend upward, on the inside, from 

f)iece to piece of the coating, producing beautiful scintil- 
atibns ; and, at the same time, a similar efiect will be 

QvBSTioir 669. How in the jar discbargedl How to the deetrie thoek rrodvc^dl 
What iB the vxM of th^diaeharging-twt 7 
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produced oc the outside, as the pieces of 
coating become charged with negative 
electricity. 

570. If the jar is provided with a con- 
tinuous metallic coating inside, and the 
outside coated by covering it with solution 
of glue, and sprinkling on it some brass 
' filings, when it is connected with the prime 
conductor, as the positive Huid is collect- 
ing in the internal coating, the accumula- 
tion of the negative on the outside will be 
shown by the darting of bright sparks ovei 
it, very much resembling flashes of light; 
ning that are oflen seen in the clouds. Around both the 
top and the bottom there should be a strip of tin-foil. 

The Electrical Battery. — Sometimes two or more I>ey- 
den jars are used together, by connecting all the interior 
coatings by means of wires extending from knob to knob, 
and all their exterior coatings by placing them in a box 
lined with tin-foil. It is then 
called an electrical battery. At A 
is a hook, which connects with 
the external coatings of the jars. 
The effects of the Battery are in 
all respects the same as would be 
produced by a single jar with an 
equal amount of surface ; but 
very large jars are always in 
great danger of being broken by 
tne recoil produced when they are discharged. 

571- Experiment with the Leyden Jar and Battery. — 
By means of the Leyden jar many interesting experi- 
ments may be performed, illustrating the nature of this 
subtle element. 

To pass the charge through any body, it is necessary 
only to cause it to make a part of the circuit connecting 
the positive internal coating of the jar with the negative 
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external coating. The piece of apparatus called the t/m- 
versal discharger answers well for this purpose ; which 
consists of two stout brass wires, A and B, supported on 

glass pillars, C and D, by 
caps furnished with joints, so 
as to allow them to turn in 
any direction. They also 
slide in the caps, to allow the 
balls at their extremities to 
be placed at any desired dis- 

Dhivertal JHaehargtr, ' taUCC frOm Cach Other. At 

E is a table of wood, which 
may be elevated or depressed at pleasure, for the support 
of any substance to be submitted to experiment. 

Let a dry card, or the cover of a book, be placed be- 
tween the knobs of the discharger, and the charge of a 
large jar be made to pass through it. It will be found 
that a hole is pierced quite through it ; and it will be 
burred outward on both sides, as if the force had burst 
outward in both directions from the inside of the card. 

Put^ piece of gold-leaf between two pieces of white 
paper, press them lightly together, and place it between 
the knobs of the discharger, so that they may be in con- 
tact with its opposite edges ; after the discharge the paper 
will be found stained of a purple color by the oxyd of 
gold which has been formed. The same effect will be 
produced upon pieces of glass between which a piece of 
gold-leaf has been placed, and made to convey the elec- 
tric discharge ; but usually the glass will be more or less 
broken. 

If the fluid be passed through a piece of loaf-sugar, or 
of fluor spar, it will, for a moment, shine with a feeble 
phosphorescent light. . 

By passing the charge through a bunch of cotton or 
tow;.over which some powdered resin has been sprinkled, 
it will often be inflamed. 

The smallest spark of electricity is capable of exploding 

drr card or the cover of a book 1 How may a ttrip of gold-leaf ba ozydized 1 What 
wfll ba the effect of paMing a charge through a piece of loaf aafar or fluor apar 1 
What other experimenta are^eaeribed ? How may gunpowder be nred 1 
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a mixture of oxygen and hydrogen gases. To accom- 
plish this a Leyden jar is not necessary, a mere spark 
^rom the prime conductor being sufficient. The spark, 
of course, must be made to pass through a portion of the 
mixture. 

Gunpowder may be exploded by passing through it the 
charge of a Leyden jar, when confined in a smaU space. 
To succeed well in this experiment a portion of water 
should form a part of the circuit, or a piece of linen oi 
cotton cord well soaked in water. But at best th 
experiment will often be found difficult. 

We have seen above (669) the mode in which a person 
receives the electric shock, as it is called ; in the same 
manner a number may receive it at the same instant, by 
grasping each other's hands and forming a line, the per- 
son at one end of the line pressing his nand against the 
outside of the charged jar, and the one at the other end 
presenting his knuckle to the knob. 

672. Velocity of Electricity, — It was long supposed that 
the passage oi electricity over conductors is instantane- 
ous, but it is now found such is not the fact, though it has 
not yet been found possible to determine its velocity, 
some experimenters making it as much as 676,000 miles a 
second, while others make it no more than 18,000. The 
probability is that its * velocity is variable, and depends 
upon the nature of the condud(6¥ used, and upon the 
mode of exciting the fluid. * 

673. The Condenser, — This is a i^iece of apparatus for 
collecting together or condensing in a small space, so as 
to render its action perceptible, very feeble electricities. 

It consists of two metallic discs, A 
and B, placed face to face, and sep- 
arated only by a coating of resinous 
varnish, with which they are covered. 
The upper plate, A, called the collect- 
ing plate, has attached to its centre a 
glass handle, C, by which it may be 

candenaer. lifted from the condcnstng platCy B, and 

■ - ■ 
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from its edge a wire projects^ terminated by a metallic 
knob, D. Sy this it may be put in connection with 
another body, the electrical state of which it is proposed 
to examine. The condensing plate, B, is supported by a 
metallic stand, and, of course, is uninsulated. 

If we now connect any feebly electrified body with the 
knob, D, a portion of its electricity will be diflfused over 
the whole plate. A, and, by its inductive influence, the 
opposite kind will be collected in B (557 ;) this, in turn, 
will react upon A, and thus draw into it, or condense in 
it, a larger quantity of the fluid than it would otherwise 
have possessed. By separating A first from the feebly 
electrified body, and then raising it carefully by its glass 
handle from the plate B, the electricity it contains may 
be examined at leisure. Often a considerable quantity 
may thus be collected in the plate from a body so feebly 
electrified as to be scarcely capable of affecting the nicest 
electrometer. 

If, while the plates are in the position indicated in the 
figure, the disc. A, should be examined by the electrome- 
ter, it would scarcely give any signs of electric excite- 
ment, since most of the fluid contained in it would be 
held there by the opposite electricity of the lower plate. 
This electricity thus concealed in A is called dissimulated 
or latent electricity, in opposition to free electricity, which 
alone is capable of acting on the electrometer. 

574. 7%€ Hydro-Electrical Machine, — It has recently 
been discovered that electricity is rapidly evolved by a 
jet of steam as it escapes from a common steam-boiier ; 
and it has been determined that it is occasioned by the 
friction of the steam and particles of condensed water 
against the sides of the pipe. This is shown by the fact 
that if the escape pipes are made hot, so that no water 
can be condensed in them, there will be little if any ex- 
citement ; but, on the other hand, if these pipes are kept 
cold, so as to cause much of the steam to be condensed in 
them, when the escape of the steam takes place the sup- 
ply of electricity will be abundant. The water that is 
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condensed in the pipes is driven alon^ with the steam, 
and the electrical excitement is due to its friction against 
the sides of the pipes. 

The hydro-electrical machine consists of a strong 
steam-boiler, which is to be insulated, having many small 
pipes, through all of which the steam may be allowed to 
escape at the same time. As the steam escapes the boiler 
becomes highly charged with negative electricity, in some 
cases throwing off sparks to the distance of two feet, or 
more. 

The effect is considerably increased if the steam, as it 
escapes, is received upon many metallic points, which 
are connected with the earth by means of a conductor. 
If these points are connected with an insulated conductor, 
this conductor becomes positive smd the boiler negative. 

_i - 
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575. By the common electrical machine the electri- 
• city, as we have seen, is excited by friction ; but it may 
also be excited by other means, as change of temperature^ 
chemical action, and magnetic induction. These three 
modes of electrical excitement give rise to three distinct 
.^tftnches of .the general science of Electricity, which are 
|(iscussed ,in the Author's works on Chemistry, and a^e, 
therefore, omitted here. A brief description of the method 
of exciting electricity by means of magnetism, is here 
given. 

Let A B be an armature of soft iron, -v^ith a piece of 
covered copper wire wound several times around it, and 
the two ends brought together as at C ; one end being 
flattened and the other end filed to a point, as represented 
in the figure. If now the armature is suddenly brought 
in contact with the poles of a strong horse-shoe ma^et, 
N S, at the moment of contact a spark of electricity 

QirasTioN 575. What other modes bMides friction are there of excltinif elecstrioity 1 
Deaeribe the mode of ohtaining a spark by meant of a horse shoe magnet. 
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will be seen to pass between the ends of 
the wire at C. The same will also be 
seen when the armature is removed from 
the magnet. The principle is this, as is 
proved by experiment ; when magnetism 
is induced in a piece of soft iron around 
which is placed a helix of wire, a current 
of electricity is induced in the helix, and 
also when the magnetism of the iron is 
destroyed. In the two cases it passes in 
opposite directions. 

The magneto-electrical machine is rep- 
resented in the following figure. N S 
are the north ajid south poles of several powerful mag- 
nets, which are firmly held in their places by means of 
iiupports. In front of them is an armature of soft iron, 
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A, which is bent in the form of the letter U, and bound 
with covered copper wire, and the whole made to 
revolve rapidly by means of the multiplying wheel W. 
Now as the armature is made to revolve in front of 
the poles of the magnet, its polarity must be twice 
changed at each revolution, and at each change a 
current of electricity must be induced in the wire, first 

DncrllM ibt mifnats-ilHirieal muhJiH. 



368 NATURAL PHIL080PHT. 

in one direction and then in the opposite. At H are 
two handles of metal which, by means of wires under 
the base-board, connect with the wires C and D, and 
Aese connect the one with one end, and the other with 
the other end of the wire, which is wound around 
the soft iron armature. Of course, then, at each revolu- 
tion of the armature, a person grasping the handles H 
would receive four currents, — ^two in each direction ; but 
they are found so feeble as not to be perceptible. But by 
introducing a toothed wheel at O, against which the wire, 
C, is made to press, the currents are interrupted as the 
wire C passes trom one tooth to another, and a series of 
powerfid shocks are produced, which succeed each other 
in such rapid succession that often the person will be 
unable to relax his hold. 
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576. The Atmosphere often electrical, — The atmos- 
phere, especially when in a dry state, is, as we have before 
seen (546,) a non-conductor, consequently it is capable 
of retaining either of the electric fluids communicated to 
it ; and different portions of it, or difierent strata, maybe 
in difierent electrical states at the same time. This, we 
know by experiment, is often the case. Usually, in fair 
weather, the air near the surface is positive, and the in- 
tensity increases as we ascend, while the surface of the 
earth beneath is negative. In stormy weather, the air 
near the surface is sometimes positive and sometimes 
negative; and not unfrequently sudden changes take 
place from one state to the other. 

The usual method of determining the electrical state 
of the air, or that portion of it near the earth, is to 
erect a pointed metallic rod some thirty feet in length, 
and insulate it, connecting its lower extremity only with 
the electrometer, or such other electrical apparatus as it 

QuBSTiON 676. Is atmospheric air a non-cdndactor ? Mar different -xbraUi of it be 
in opposite electrical states ? In fair weather whi^ is usually the state <n the air near 
the surface 7 Does the intensity increase upward 1 What is the state of the eor&ce of 
the earth beneath 1 In stormy weather what is the state of the air 1 Wliat is the usual 
mode of determining the electrical state of the atmosphere? 
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may be necessary to use. If the electric bells are con- 
nected with the rod, the presence of electricity of suffi- 
cient intensity will always be indicated by their ringing, 
but they will not be affected when the electricity is rery 
feeble. 

577. Ongin of Atmospheric Electricity, — It has not 
yet been satisfactorily determined by wnat means the 
electricity of the atmosphere is developed. Various 
causes have been assigned, as the evaporation that is 
constantly taking place at the surface, and the condensa- 
tion of vapors in the upper regions of the atmosphere ; 
but recent thvestigations render it probable that it is oc- 
casioned by the friction of currents of air against each 
other, and against the earth, and also against particles of 
water and other substances which are always floating in 
it. Consequently, vivid lightnings usually attend the 
eruptions of volcanoes, especially in those cases in which 
immense columns of black smoke, composed of dust and 
ashes, are belched forth into the air. This lightning is 
also often attended by thunder. 

678. The clouds, which are only masses of aqueous 
vapor partially condensed by the cold of the upper strata 
of the atmosphere, being Jplerably good conductors, 
serve to collect the free electricity of the atmosphere, 
and, therefore, often become highly excited, and discharge 
their electricity from one to another, or to the earth, pro- 
ducing all the phenomena of thunder and lightning. 
Franklin was the first to suggest this explanation of light- 
ning and thunder, about a century ago, and soon afler- 
ward proved the truth pf his suggestion by actual exper- 
iment. This he did by sending up a large kite, held by 
a hemp string, which conducted the fluid freely down- 
ward, especially as soon as it was moistened a little by 
the falling rain. At the lower end a short piece of silk 
cord was used, in order to insulate it. With this appa- 
ratus he obtained sparks, charged the Leyden jar, and 

QuBflTiON 677. What probablf occairioiM the electricity of the atmosphere 1 Are 

lightning! generallr seen to attend volcanic eruptions, when immense volumes of dnsfi 

^-^ ashes are belched forth into the airl 678. what are clouds 1 May they become 

r excited; and dischaive their electricity to the earth 1 Who first suggested thbi 

lation 01 thunder andUghtningl How did he prove the truth of the soggestionl 
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performed other electrical experiments, which, since his 
day, have often been repeated. 

679. Thunder Storms. — ^A thunder-cloud is to be con- 
sidered the same as any other cloud, except that it is 
charged with electricity. Such clouds, in New England, 
usually make their appearance in the west or north-west, 
in the afternoon or evening, during the warm weather of 
summer, and gradually approach, all the time increasing 
in size and blackness until at length they pass over our 
heads and disappear in the east or south. During the 
whole time frequent lightnings and thunder are taking 

Elace, with the fall of more or less rain, and sometimes 
ail. Not unfrequently damage is done and lives are lost 
by the lightning striking buildings, trees, and other eleva- 
ted objects. 

The discharge from such a cloud, which we call light- 
ning, differs in nothing, it is believed, from the discharge 
of a spark from the prime conductor of an electrical ma- 
chine, when the knuckle is presented to it, except in the 
quantity and intensity of the fluid. 

580. Let us suppose a cloud positively electrified to be 
passing over a place, the earth and every thing upon its 
surface beneath it for.adi^ance will become negative by 
induction (557,) and whenever the cloud, in its passage, 
comes sufficiently near the earth, or any object upon its 
surface, a discharge will ensue between the earth and 
cloud. The distance at which the discharge will take 
place will depend upon circumstances, as the extent of 
the surface of the cloud electrified, its intensity, the con- 
ducting power of the air and vapors contained in it at the 
time, &c. Circumstances will also determine the direc- 
tion the fluid will take, or the object upon the surface 
that will be struck. Other things being equal, the fluid 
always takes the course where the best conductors are 

■ r In *' ' 
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situated, but sometimes it will take a course through a 
series of poorer conductors, provided the distance is less 
than through the good conductors. 

Lightning, it is well known, almost always strikes the 
highest objects at their highest point, though there are 
occasionally exceptions ; and in its course it often rends 
in pieces the firmest substances, occasionally setting them 
on fire. Sometimes its course can be traced a distance 
in the earth, after leaving the object it first struck, but it 
is generally soon diffused abroad, and its mechanical 
effects cease. All these effects are just such as we might 
expect to be produced by an immense electrical machine, 
provided we were able to construct one of sufiicient power. 
k/ 681. Rolling Sound of Thunder. — ^When a spark is re- 
ceived from the prime conductor of ,the machine, or 
when the Leyden jar is discharged, a single report only 
is heard ; whereas thunder, which is merely the report 
of the electric discharge from the clouds, is often a long- 
continued rolling sound. This, it is believed, is occa- 
sioned by numerous echoes from the masses of cloud 
scattered at various distances from the ear of the ob- 
server, which, of course, will arrive successively to the 
ear, and occasion an apparent repetition (303; of the 
original report. It may be, indeed, as has been suggested^ 
that the sound itself is not produced at a single point, but 
along the whole line constituting the pathway of the 
fluid ; and the original report may then be considered as 
a succession of reports originating at different distances 
from the ear, and though produced all along the line at 

the same instant, 
yet necessarily ar- 
riving successively. 
Thus, let A, 1, 2, 3, 
B, be the path of the' 
fluid at an explosion 
or discharge, and l^t 
O be the place of 
» o the observer; if the 

QmiiTioN 681. What 1« beUered to oocaaion the contkniMl roUing sound oiT thunder 1 
W$S>*r^^l2^d be vapposed to be produced at different points along the path of the 
^jnrould this occasion it to apnear protracted to the ear 1 
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sound 18 supposed to be produced all along this line, it ia 
plaip that Uie sound from the nearest point, as 1, would 
arrive at first, then that from other points in succes- 
sion, according to their distance. The effect would evi- 
dentlr be the same as we witness in the coiltinu^ rolling 
sound of thuuder. And the path of the fluid is not 
straight, but zigzag, backward and forward, as repre* 
seated in the next figure, which we may suppose greatly 
to increase this peculiarity. 




582. Means of Safety during a Storm. — It is well 
known, as has been ^ted, th&t llghtQtiig usually strikes 
the highest objects.at their highest point, but occasionally 
there are exception^ as represented in the figure ; still 
it is not difficult in ordinary cases for a persoa during a 
thunder-storm to determine with much certEunty the 
place of greatest safety. If a person is in a building, he 
should remove as far as possible from the chimney, the 
soot of which often serves as a very good conductor to 
the fluid, and from any large timbers the house contains, 
especially those leading downward from any part of the 
roof; he should also remove to a distance from any me- 
tallic conductor passing through the house, as a stove- 
pipe, or bell-wire, or pipe for conveying water, as all 
these might convey the fluid directly to'him.'^- . Probably 

QniTioH saa. Wtaut, wliUn > bnildlSB, k Ita* psalUon ot tttUiKt mtetj darisf ■ 
rhUDd«r-siorin1 Win piece* of meUI *ofb »1»oE th« iwr»on JaweMs Ihe dufwl 
Wlu pn.«loii la coDilJcrHJ mod Koun ftir ■ penBDln Uu 1^0^ t WhU ii nia 
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no place is more secure than a seat a little elevated in 
the centre of a room. It is well ascertained that pieces 
of metal of any kind carried about the person increase 
the danger. 

In th^open air no place is more secure than an open 
field ; and a person lying horizontally would be less likely 
to be struck than if he were standing erect. But the 
danger will be mreatly increased by carrying an um- 
brella/ or by seeking, as is often done, the shelter of a 
tree. 

583. Distance determined. — The distance of an elec- 
trified cloud may be estimated by noticing the number 
of seconds that elapse after the lightning is seen before 
the thunder is heard. As sound moves about 1125 feet 
(300,) or nearly a fifth of a mile, in a second, while the 
passage of light for so small a distance may be considered 
instantaneous, it is evident the explosion must take place 
at the distance of about a mile for every five seconds of 
time that thus elapse. 

584. Electrical Conductors, or Lightning-Rods.-^Ijight' 
ning rods, or, as the French call them, paratonnerres, are 
metallic rods, attached to buildings and other objects, and 

'extending a distance above them, to protect them from 
danger from electric discharges betweeil the clouds and 
the earth. They are usually made of iron, and should 
always extend several feet above the highest point of the 
object to be protected, and terminate in a point; and 
should also connect at the bottom with the moist earth. 
The rod should not be less than half an inch in diameter, 
and it is of little consequence whether it be round or 
square. It should also be made of as few pieces as pos- 
sible, and these should be brought firmly in contact, as 
by screwing one into the other. If a large building is to 
be protected, there will be an advantage in using several 
smaller rods instead of one large one ; but they should 



of the propriety of seeking shelter ander a tree 1 How may the distance of an electri* 
fled cloud b4 estimated 1 683. How far will the cloud be for tvery five seconds that 
elapse after the lightning is seen before the thunder is heard 1 581. what is the design 
of the Ughtning-rodl How is the lightning-rod madel How should it terminate at 
the top 1 With what should it connect at the bottom 1 Will there be an advantage in 
having several rods connected together for a large building? 
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all be connected together, and should have branches ex- 
tending to all the more exposed parts of the building. 

585. The benefit of electrical conductors to buildings 
and other objects liable to injury by being struck by 
lightning is twofold. In the first place, if a discharge ac- 
tually takes place upon the building, the conductor, if 
properly constructed, will almost certainly convey the 
fluid harmless to the ground. Occurrences like this have 
been frequent. And, when buildings unprovided with 
proper electrical conductors, but having metallic wires 
or bars extending through them, have been struck, it has 
generally been found that the fluid has followed the metal 
as far as it extended on its course, and has damaged the 
building only before reaching the metal, or after leaving 
it. It therefore not unfrequently happens, that buildings 
having metallic tubes for conveying the water from the 
eaves downward, when struck by lightning, are injured 
only in the roof, the fluid from this point following the 
tufaie to the ground. Therefore, when a house is provided 
with metallic water conductors, metallic rods should 
always connect them with the moist earth. The fluid 
would then escape directly to the earth without injury. 

In the second place, electrical conductors attached to 
buildings, when properly connected with the moist earth, 
seem to convey the electricity of the clouds silently to 
the earth, and thus often, no doubt, prevent a disruptive 
discharge, which might otherwise have occurred, and 
done great injury. The efiect of presenting a pointed 
conductor in the vicinity of an electrified body we have 
heretofore (548) seen. If a person standing near the 
prime conductor of an electrical machine presents in its 
vicinity the point of his pen-knife, as the machine is 
turned, scarcely any electricity will be collected, as it 
will nearly all be conveyed away by the metallic point. 
And the same efiect will be produced upon the electricity 

QvBSTioM 685. In case a discharge actually takes place upon a building, how does 
the condactor protect it ? Why are buildings provided with water-conductors, extend- 
ing from the eaves downward, often injured only in the roof 1 Do lightning-conductors, 
in all probability, often convey the electricity of the clouds silently to the earth, and 
thus prevent a disruptive discharge 1 What will be the effect if a person standing near 
an electrical machine, as it is turned, presents the point of his pen-knife in the vicinity 
of the prime conductor 1 
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of the clouds by pointed conductors presented toward 
them. 

586. When the atmosphere is highly charged with 
electricity the points of bodies projecting into the air 
often appear luminous in the dark. This was probably 
the cause of the fire seen upojn the points of the spears 
of a division of the Roman army, in ancient times, men- 
tioned in history ; and it is here, too, we are to look for 
an explanation of meteors often seen, during storms, upon 
the extremities of the masts and spars of shipping, called, 
by sailors, Castor and Pollux, or fire of St. Elmo. The 

Coints of electrical conductors attached to buildings have 
een known to present the same appearance when highly 
electrified clouds have been passing over them; and 
there can be no doubt the cause in each case is the 
same. 

587. That conductors attached to buildings do really 
protect them from injurv from lightning has been abun- 
dantly proved by actual experiment a thousand times. 
It is a remarkable fact, as Ara^o suggests, that the tem- 
ple at Jerusalem, which stood from the time of Solomon 
until the year 70 of the Christian era, a period of about 
1000 years, though situated on an eminence in a region 
where thunder-storms are common, we have reason to be- 
lieve, from the silence of history, was never once struck by 
lightning. The reason plainly was, that it was protected 
by its thick gilding, it having been entirely overlaid with 
gold ; and each end of the roof was adorned with a row 
of long lances of iron, which were pointed at top, and 
^ilt. Metallic pipes, for water-conductors, also, extended 
from the roof to cisterns constructed under the porch. 
The building was, therefore, admirably protected from 
danger from lightning, in close accordance with the most 
approved principles of modern science. 

588. Water- Spouts and Land- Spouts, — ^Water-spouts, 
which are often seen at sea, apparently consist of dense 

QusBTiON 686. What is lald of the appearasce in t^ie dark of the points of objects pro- 
jecting in tlie air when highly electrified 1 Are meteors often seen by sailors, during 
storms, upon the ends of the masts and spars of ships ? 687. What reason is (riven why 
the temple of Solomon, at Jerusalem, was, as we belieye, never struck by lightning ? 
688. What do tcater-»pout9 apparently conirist oft What is the mode in which they 
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columns of aqueous vapor, exteoding &om the clouds to 
*he surface of the ocean. They are usually observed to 
form as follows : — A dense black cloud, floating in the 
air, is seen to have forming oq its under side an inverted 
cone, which rapidly increases, extending itself down- 
ward ; and the surface of the water beneath, which be- 
fore had been tranquil, begins to be agitated, and appa- 
rently to boil ; and soon an immense column rises, with 
a rapid whirling motion, until it joins the inverted cone 
connected with the cloud, thus forming a whirling pillar 
of dense vapor, reaching from the cloud to the surface of, 
the sea. Not unfrequently, two or more of these are 
seen in the immediate vicinity of each other, as repre- 
sented in the figure. 




The cause of the formation of water-spouts, no doubt 
is the highly electrified state, either positive or negative, 
of the clouds, inducing the opposite state in a portion of 
the sea below them. By the attraction of the opposite 
electricities they are then drawn together, the water of 

B»T8 bo™ obiw¥0d (D (hmi 1 WliM la Ihs euwe of 
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the sea rising in the form of spray or vapor, while a por- 
tion of the cloud descends, until the two unite and a com- 
munication is established between them. During the 
continuance of the phenomena, therefore, which some- 
times is only a few minutes, and at others several hours, 
often no lightning or thimder^ observed, as the opposite 
electricities are silently disclflrged through the continu- 
ous conducting medium which is in this extraordinary 
manner established. At other times they are attended 
by violent thunder and lightning, or merely by flashes of 
Jight without a report. The whirling motion is probably 
produced by the rushing of the surrounding air ai^ 
vapors toward the centre of the influence, where the 
column is formed. 

589. Ships coming in contact with water-spouts have 
often been inundated with torrents of water, and de- 
stroyed ; but, in some instances, they have escaped. 
When they are seen near a ship of war, the sailors often 
attempt to fire a cannon-shot into them, by which, it is 
said, they may often be broken and destroyed, and the 
danger from them avoided. 

590. Land- Spouts appear to be produced in the same 
manner as water-spouts, except that they occur over the 
land instead of the sea. They are usually attended by a 
violent whirlwind, which levels every thing in its course, 
destroys buildings, tears up trees, often removing them, 
and even other heavy bodies, to a considerable distance, 
and by thunder and lightning, with torrents of rain and 
hail. 

591. The passage of highly electrified clouds is some- 
times attended by the production of singular phenomena 
in springs and fountains v^hich have their origin deep be- 
neath the surface. The^ waters of well-known springs 
have been made to gush forth in unusual and extraordi- 
nary abundance; and in some instances fissures have 
been formed and streams issued where none had ever be- 
fore been seen. 

592. The Aurora Borealis. — This name, which signi- 

QuBSTioN 589. Are thipfl in danger of being deitroyed in coming in contact with 
themi 690 Whatart tan<i-«pott/«7 WUh what are they usually attended 1 602. Whal 
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fies Nurtkem Morning, is applied to luminous appearances 
which are, in clear weather, often seen at the north, soon 
after aunset, or later in the night. Sometimes they are 
presented id the form of a difiiued white cloud, but more 
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frequently thej consist of luminous rays of various coluTb, 
issuing in various directions, but always converging to 
the same point. These raya are not permanent, but con- 
stantly change their position in every possible manner, 
sometimes presenting an appearance like the graceful 




folds of a ribbon or flag agitated by the wmd and then 
dividing into several parts and forming lieautiful curves 
of light inclosed one within another Sometimes, in 
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the northern states, and places still further north, the 
whole heavens are lit up with them, which, for hours, or 
even during the entire night, continue to flash in every 
direction. 

593. The mode in which this phenomenon is produced 
has not yet been fully established, but enough is known 
to prove conclusively its electrical origin. The streams 
of auroral light in every part of the heavens always tend 
toward the same point which is indicated by the direc- 
tion of the south pole of the dipping-needle (523 ;) here 
they are often seen to unite, forming a beautiful arch or 
corona. It is well known, also, that during the occur- 
rence of the aurora the magnetic needle is usually more 
or less affected, sometimes oscillating through several de- 
grees. From the established connection between elec- 
tricity and magnetism, (for the discussion of which see 
the Author's work on Chemistry,) this is just what should 
be expected, considering this phenomenon to be produced 
by electricity by some means put in motion in the upper 
regions of the atmosphere. 

594. A popular notion has very extensively prevailed, 
that the aurora borealis was entirely unknown to the 
ancients, and has been seen only in modem times ; and 
some writers of no little merit have given countenance 
to the error. This has, no doubt, been occasioned by 
the fact that its occurrence with sufficient brilliancy to 
attract attention has bee^ at very irregular intervals, it 
sometimes disappearing entirely for scores of years, or 
even centuries. But instances of its occurrence are re- 
corded by Aristotle, Cicero, Pliny, and others ; and, be- 
tween the years A. t). 583 and 1751, it is said, that it is 
alluded to in history as having been seen no less than 
1441 different times. 

QvBSTioN 693. Has it been fully proved how they are produced 1 Is it certain they 
are of electrical origin 1 Toward what point in the heavens do the streamers of light 
always tend 1 What is often formed in tnis point 1 What is frequently the effect of the 
aurora upon the magnetic needle 1 Should this be expected firom the known connec- 
tion between electricity and magnetism, considering the aurora as the effect of electri- 
city in the upper regions of the atmosphere 1 694. What is said of the popular notion 
that has prevailed that the aurora borealis has been seen only in modem kmes 1 Were 
they seen by the ancients 1 How many times is it said to be mentioned In history as 
liaving occurred between the yeirs AD. 683 and 1761 1 




JARVIS'S PHYSIOLOGIES, 

EETISBD EDITION. 

COWPEJTHWAIT, DESIITEB, ft BUTIEE, 



JARVIS'S PEACTICAl PHYSIOLOGY; 

OB, ANATOMY AND PHYSIOLOGr APPLIED TO HEALTH, 

FOB THB USB OF EOHOOLS ±ST> FAHILIEB. 
■ EVI9E0 EDIT ON, WITH SEVENTY ENQRAVINOt 



JARVIS'S PRIMARY PHYSIOLOGY. 

FOR The use of.schools. 



Tt tlw plauun at ■nnaaDciiii ■ mw and nriiMI •dlUon tf ] 
f imn tiIdiMi work. 
Tbia cdlllon eonlilni tUty-fln mw Entnrlnp, dgiifsed by lira bait anlaU, w 
'uce abpUtloD to tbe text. Bevaitl ptf« of sav mtlter or inaMiDlal danrl|ti 
■It alaa added to aiplain che plaUa. 

|S9) 



HISTORICAL SERiW. 




FROST'S HISTORIES. 



HISTORY OF THE UNITED STATES.— 12mo. 

VOB THB VBB OV BCnOOLS AND ACAKEMIBa BI JOHN FBOBT. 

nj.nsi'KATBD WTTH voBCE ENaiuTiNa& 
Tbe deaiga of ihe sathor in this, hU laiget hiMotj, baa been to liiniuh 
• !exl-book fall and complaM anough for the use of coUegea, BcademieB, 
apd iha higher Beminariea. It begina with tbe ducovery of the New 
World, and preaenting the aeries of eveDla in a clear and connected narra- 
tire. rejecting whatever wai conaidered ineleranl or animportaiit. aikd 
dwelling chiefly on those atriking feacnre* of the aubjeci which give i*. 
TiTidneaa and dmracter; the hietory ia brought down to the preaenl day, 
" Ailhough," aaya the author in hie pretaoe, " the coneidflrable period 
enibrecedi the maltiluds of chaiaclera and evente delineated, and tbe 
■Ileal of the Seld in which ibey figure, tme rendered the preeervalion of 
hiijlOTiaal onity no easy task, he haa labocred to give the work aneh ■ 
degree of compaclaesB aa would enable tbe elndent to perceive the rela< 
(ion of ill ilB pane, and la gragp the whole without aoy very difficitU eiel- 
ciee of comprehenaion." 

Tbe nninetouB leelimoniala to the merit of ihia work, and ita popoiarity 
evinced quite unequivocally by the eals of ten thousand copiea withm • 
few monthB afler ita fir«t*|niblicBtion, afford a atrong preeumption that th> 
author hasaucctfaded inhiapurpoae of making it efiret-ratc school hialoiT 



THE NEW YORK PUBLIC LIBRARY 

HBPERBNCE DEPARTMENT 


This book ia under no sircumataDces to be 
taken from the Buililuii 








































































. 


























■■1 



*K'. -; V 



i u ■■ -J 



